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Preface 
 
This documentation report is the result of a desk study performed by Paul Bikker and Machiel 
Blok of the department of Animal Nutrition, Wageningen Livestock Research, The 
Netherlands. 
The aim of this desk study was to provide CVB recommendations for the allowance of 
standardized digestible phosphorus and calcium in the diet of growing pigs and reproductive 
sows. In 2003, Jongbloed et al. (2003) proposed recommendations for P supply of pigs for 
the CVB, based on a factorial approach. The present study is an update of the earlier study 
by Jongbloed et al. (2003) and incorporates new data and insights published thereafter, 
using a similar approach as Jongbloed et al (2003). This study was funded by the former 
Product Board Animal Feed and the Ministry of Economic Affairs. 
 
Wouter Spek, 
Wageningen, September 2017 
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Summary 
 
This study was conducted to update the digestible phosphorus (dP) and calcium (Ca) 
recommendations for growing pigs and sows. The last update was described by Jongbloed 
et al. (2003) and studies have been conducted since then, e.g. into mineral retention in the 
body and into factors influencing faecal endogenous losses of P. In addition, in the CVB 
Feed Table 2016, P content in ingredients is expressed on a standardised digestible basis, 
which requires recommendations expressed in the same unit. The Ca and P requirements 
are calculated using a factorial approach based on requirements for maintenance processes, 
retention of Ca and P in growing pigs, in maternal growth of sows and in foetuses, and 
excretion of Ca and P in milk of lactating sows. The P and Ca requirements are based on 
standardised digestibility of P and Ca in feed materials, meaning that basal endogenous 
losses from the digestive tract (faecal losses) are considered as an animal characteristic and 
included in the requirement for maintenance. These basal endogenous losses are influenced 
by body weight and feeding level of the pigs. We adopted values of 6 mg P and 8 mg Ca/kg 
body weight (BW) per day in growing pigs and gestating sows, and 9 mg P and 12 mg Ca/kg 
BW per day in lactating sows to account for losses related to the high feed intake in lactation. 
Inevitable urinary losses of P were taken as 1 mg/kg BW per day and losses of Ca 
provisionally estimated as 2 mg/kg BW per day. Although urinary losses of P and Ca seem 
low at low inclusion levels in the diet, their excretion in the urine increases with increasing 
dietary intake. This is accounted for by adopting an efficiency of 98% for the utilisation of 
absorbed Ca and P. Because of a lack of data on Ca digestibility of different ingredients, and 
limited information about the factors affecting the dynamics of Ca digestibility, the calcium 
requirements were expressed on the basis of total Ca, using a constant standardised 
digestibility coefficient of 58% (60% for weaned piglets) in diets without microbial phytase. 
Assumptions for endogenous losses, digestibility and efficiency of utilisation of dietary Ca are 
poorly documented and require more attention since a high dietary Ca supply hampers P 
digestibility and a low Ca supply may limit P retention in bone. Use of microbial phytase is 
recommended to improve both P and Ca digestibility and reduce total Ca content in the diet. 
Allometric relationships (Y=aXb) were derived to relate the content and retention of Ca and P 
in the body of growing pigs to empty body weight (EBW), and a quadratic relationship 
between EBW and live weight (LW) was determined. Although the recommendations in this 
study are based on allometric relationships, for practical application a simplification is 
suggested to facilitate user specific calculations: P retention is 5.32 g/kg EBW gain, Ca 
retention is 1.55 and 1.60 × P retention in pigs with LW below and above 45 kg, respectively, 
and EBW is 0.95 × LW. Furthermore we illustrated that the ratio between Ca and P retention 
increases with increasing dietary P-supply. This is a consequence of the priority for P 
retention in soft tissue when dietary P intake is limiting. 
In gestating and lactating sows, relationships have been derived and updated to estimate the 
retention of P and Ca in maternal soft tissue (including the mammary gland) and bone, in 
placenta, fluids and foetuses in relation to day of gestation and parity of the sow. These 
equations are corrected to the actual body weight and mineral content (if available) of piglets 
at birth to assure that they agree with the performance of the sow. Mineral requirements in 
lactating sows were based on output in milk, retention in sucking piglets and mobilisation 
from body tissue. Relevant deviations from previous methods and results have been 
addressed. 
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A summary of recommendations is provided in the table below 
Animal category STTD-P, g/EW STTD-Ca, g/EW Ca, g/EW1) 
Piglets, week 1-2 post weaning 3.8 5.9 9.8 
Piglets, week 1-2 post weaning2) 3.42) 5.02) 8.42) 
Piglets, > 2 week post weaning  3.2 5.0 8.4 
Growing pigs, 25-45 kg LW 2.8 4.4 7.6 
Growing pigs, 45-70 kg LW 2.4 3.8 6.5 
Growing pigs, 70-120 kg LW 2.0 3.3 5.6 
Sows until d. 70 of gestation 1.8 2.7 5.4 
Sows > 70 d. of gestation 2.4 3.9 7.8 
Sows in complete gestation 2.2 3.5 7.0 
Sows in lactation 2.8 4.2 8.4 
1)  Total Ca derived from STTD-Ca using a standardised total tract digestibility of Ca of 60, 
58 and 50% in diets for weaned pigs, growing pigs and sows, respectively. 
2)  Based on a transient reduction in P retention of 15% (i.e. from 5.32 to 4.52 g/kg empty 
body gain) to reduce the Ca content and buffer capacity of the weaning diet. 
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1 Introduction 
This report aims to provide recommendations for the allowance of phosphorus (P) and 
calcium (Ca) in the diet of growing pigs and reproductive sows. Jongbloed et al. (2003) 
proposed an update of recommendations for P supply of pigs for the CVB, based on a 
factorial approach, which have been used since then by the Dutch feed industry. The present 
report incorporates new data and insights published thereafter, using a similar approach. The 
factorial estimation of phosphorus (P) requirements of pigs is based on the requirements for 
maintenance (i.e. replacement of inevitable or basal endogenous losses in faeces and urine), 
the retention of phosphorus in the body and in products of conception, the excretion of 
phosphorus in milk and the efficiency with which digestible phosphorus is used for these 
processes. This method was first introduced by ARC (1967) and subsequently developed 
and used by Gueguen and Peréz (1981), Jongbloed et al., (2003), Jondreville and Dourmad 
(2005), GfE (2008) and NRC (2012). In this report we will subsequently address inevitable 
losses and maintenance requirements of phosphorus (Chapter 2), retention of calcium and 
phosphorus in body tissue in growing pigs (Chapter 3), digestion and utilisation of 
phosphorus and calcium in growing pigs (chapter 4), and combine the results to calculated 
the requirements of phosphorus and calcium in growing pigs (chapter 5). In chapter 6, 
requirements of sows in lactation and gestation were calculated on the basis of tissue 
retention during gestation and milk production and tissue mobilisation in lactation. 
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2 Maintenance requirements of phosphorous 
In the context of phosphorus supply of pigs, maintenance requirements are defined as the 
basal endogenous losses from the digestive tract excreted in the faeces and inevitable 
losses excreted in the urine. Phosphorus losses by saliva and hair are generally assumed to 
be negligible. Present factorial models agree to a certain extent in the amount of P required 
for maintenance or replacement of basal endogenous losses between 7 and 10 mg/kg BW 
per day, but the justification for this estimate differs between authors. Jongbloed et al (2003) 
adopted a value of 7 mg/kg BW per day of which 6 mg for faecal endogenous losses and 1 
mg for urinary losses for growing pigs and sows. The value of 6 mg was the mean between 
reported faecal losses of 2.9 and 8.8 mg P/kg BW at low and high dietary intake of P, 
respectively. Furthermore, Jongbloed et al. (2003) indicated that when requirements are 
expressed as apparently digestible P, implicitly faecal endogenous excretion is already taken 
into account. Nonetheless, the value of 6 mg/kg BW was adopted to account for an increase 
in faecal losses and a reduction in digestibility when dietary P is included at a level close to 
the requirements. Jondreville and Dourmad (2005) adopted maintenance requirements of 10 
mg/kg BW per day to cover minimum urinary losses, assuming that endogenous faecal 
losses are accounted for in the calculated apparent digestibility coefficients. The value of 10 
mg/kg BW, adopted from Gueguen and Perez (1981), however, was based on data for pigs 
fed close to P requirements in the study of Just (1972). In these animals, as much as 10-20% 
of incremental dietary P was excreted in the urine. The German GfE (2008) adopted a value 
of 10 mg P/kg BW per day for inevitable losses in faeces plus urine. This value was based on 
studies with deficient supply of P (Rodehutscord et al., 1998; Dilger and Adeola, 2006; Pettey 
et al., 2006), which is considered a prerequisite to determine inevitable losses of the mineral 
of study since endogenous excretion may depend on its dietary supply. 
2.1 Urinary losses 
The summary above indicates that despite the apparent similarity in adopted endogenous 
losses, Jongbloed et al. (2003) included these to account for a reduction in digestibility with 
increasing dietary P content and Jondreville and Dourmad (2005) used these to account for 
an increase in urinary excretion. Because of homeostatic mechanisms, phosphorus excretion 
in the urine increases with increasing dietary P intake and absorption. Any regulatory 
excretion of P due to an excessive P supply, however, should not be considered as part of 
the animal's requirement (Rodehutscord et al., 1998); hence inevitable urinary excretion 
needs to be determined at low dietary P supply. Therefore, endogenous urinary losses of 10 
mg as proposed by Gueguen and Perez (1981) and adopted by Jondreville and Dourmad 
(2005) cannot be regarded as minimal losses. Jongbloed (1987) reported P excretion in the 
urine of 0.7 and 0.4 mg/kg BW/d in growing pigs of 30 and 100 kg, respectively, fed low P 
diets (P < 2 g P/kg). In breeding sows, the urinary P excretion on low P diets was between 
100 and 150 mg/d, hence less than 1 mg/kg BW per day. Rodehutscord et al. (1998) 
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reported a P excretion of 0.35 mg/kg BW per day in pigs from 20 to 150 kg BW fed basal low 
P diets (P ≤ 1.3 g/kg). Petty et al. (2006) observed an urinary P excretion between 0.2 and 
0.5 mg/kg BW per day in pigs between 27 and 98 kg BW fed semi purified diets with a P 
content of approximately 1 g/kg. Urinary P excretion gradually increased with increasing 
dietary P content. These studies indicate that the inevitable urinary P losses are small and 
accounted for in the requirements by 1 mg/kg BW per day as adopted by Jongbloed et al. 
(2003). Higher levels of urinary excretion, especially at a dietary P content close to or beyond 
the requirements, reflect a response to increased P intake and absorption from the diet as 
part of the homeostatic regulation. 
 
2.2 Faecal losses 
Several authors assumed that endogenous faecal losses are accounted for in the apparent 
faecal digestibility coefficient (Jondreville and Dourmad, 2005) and hence do not need to be 
addressed in the requirements. This may depend on the protocol used in the digestibility 
studies. The assumption seems largely correct if a basal diet with a known (predetermined or 
simultaneously determined) P digestibility is diluted with a portion of test ingredient, as in the 
CVB-protocol. However, if the test ingredient is included in the basal diet at the expense of a 
P-free ingredient, e.g. starch, the basal endogenous losses are largely attributed to the basal 
diet (GfE, 2008) and should be included in the requirements. To avoid confusion and 
inadequate accounting for the faecal endogenous losses, we propose to attribute these basal 
endogenous losses to the requirements of the animal and to regard specific endogenous 
losses, e.g. due to dietary fibre, as a characteristic of feed ingredients. This approach avoids 
the need to distinguish between specific endogenous losses and truly indigestible P from 
feed ingredients and implies evaluation of feed materials on the basis of standardised total 
tract digestibility of P, as recently adopted in the NRC (2012). 
A large number of studies have addressed the assessment of faecal endogenous 
phosphorus losses, using radioactive labelled dietary P, semi-synthetic P-free diets or the 
regression technique with extrapolation to zero P intake. Since ingredient characteristics, e.g. 
dietary fibre, may enhance the endogenous P losses, basal endogenous losses can best be 
determined using diets that cause little or no specific P losses. Specific endogenous P losses 
are (implicitly) accounted for in the digestibility coefficient when a feed ingredient is added to 
or included in a basal diet with known digestible P content. Studies using P-free diets have 
been largely based on semi-synthetic diets and are considered to reflect basal endogenous 
losses.  
Based on a review of studies using labelled P, estimated the faecal endogenous losses in 
pigs (15-80 kg BW) fed low P diets with a mean P content of 2.9 (1.3-4.8) mg/kg BW per day. 
Rodehutscord et al. (1998) analysed a large number of balance studies using the regression 
technique and derived inevitable faecal losses per kg of BW per day of 5.9 mg in growing 
pigs (33-106 kg) fed a number of different dietary ingredients. Pettey et al. (2006) used the 
regression technique to determine a dose response relationship for monosodium phosphate 
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included in a semi-purified basal diet and reported endogenous P losses decreasing from 4.0 
to 2.3 mg/kg BW per day in pigs from 27 to 98 kg BW. In this study the (voluntary) feed 
intake decreased from 3.3 to 2.7 times maintenance (106 kcal/kg BW0.75) with increasing BW.  
Stein and co-workers determined basal endogenous P losses between 139 and 211 mg/kg 
DMI per day in numerous studies using corn starch and gelatin based diets. In their 
unpublished work, endogenous P losses varied between 206 and 246 mg/kg DMI per day in 
pigs from 10 to 129 kg BW receiving diets at 2.5 times maintenance (Baker, 2011). The 
authors concluded that endogenous P losses expressed per kg DMI are independent of BW. 
However, in their studies the effects of BW and DMI cannot be separated because pigs were 
fed according to a scheme based on metabolic BW. Using their data, we derived a linear 
relationship between P losses and BW with a slope of 4.1 mg per kg BW (Figure 1). 
Moreover, endogenous P losses expressed per kg BW per day were relatively constant (4-6 
mg) between 20 and 130 kg BW with a higher loss of 6.9 mg/kg BW in piglets of 10 kg BW. 
Thus, both BW and feed intake may be used to account for faecal endogenous P losses.  
 
 
Figure 1.  Faecal basal endogenous P losses in pigs fed soybean meal (SBM), dried 
distillers grain with solubles (DDGS) or corn based diets, as determined by Baker (2011), 
expressed in relation to feed intake (left) and body weight (right) of the pigs. 
 
In an attempt to separate the effects of BW and feed intake, Bikker et al. (2016) measured 
endogenous P losses in growing pigs and gestating sows fed 2 or 3 kg of a semi-purified P-
free diet. In growing pigs (107 kg BW), the endogenous P excretion was not affected by 
feeding level when expressed per kg DMI (242 and 231 mg/kg, respectively) and increased 
somewhat when expressed per kg BW (4.2 and 5.0 mg/kg, respectively). Using the same 
diets in gestating sows (195 kg BW), endogenous P losses were slightly reduced by the 
increase in feeding level when expressed per kg DMI (533 and 464 mg/kg, respectively) and 
somewhat increased when expressed per kg BW (5.3 and 5.9 mg/kg, respectively). These 
results indicate that both BW and feed intake influence the endogenous P losses. In 
(growing) pigs with a feed intake between approximately 2.5 and 3.5 times maintenance, our 
results agree with those of Stein and co-workers with losses between approximately 150 and 
250 mg P/kg DMI per day. However, in gestating sows, with a twice higher BW, losses 
expressed per kg DMI were twice higher as well. Hence, expression per kg DMI would result 
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in an underestimation of the requirements for gestating sows. Endogenous losses expressed 
per kg BW were relatively similar for sows and growing pigs and in the same range as 
derived from the results of Stein and co-workers. Thus, for factorial calculation of basal 
faecal endogenous losses as part of maintenance requirements, the expression per kg BW 
seems relatively robust over a wide BW range. Since the feed intake in practice is at the 
higher end of the studies discussed, we adopted a value of 6 mg P/kg BW per day for the 
faecal endogenous loss. In lactating sows with a high feeding level, we anticipate that this 
value may underestimate endogenous faecal losses. Because of a lack of data in lactation, 
we adopted a value of 9 mg/kg BW per day for lactating sows to account for a mean feed 
intake of 6 kg/d and the additional endogenous losses of 212 mg P/kg DMI as observed by 
Bikker et al. (2016). 
In studies to determine P digestibility growing pigs with a mean body weight of 60 kg are 
used. These are fed a diet with 1.08 EW (9.5 MJ NE/kg) at a feeding scheme of 2.8 times 
maintenance. Consequently their feed intake is approximately 1.9 kg. From these data an 
endogenous P loss of 220 mg/kg DM is calculated. This is in good agreement with the mean 
value of 200 mg/kg DM adopted by CVB Feed Table 2016 to calculate the STTD of P.  
2.3 Summary 
To calculate maintenance P requirements, we adopted a value of 1 mg/kg BW per day for 
urinary losses and 9 and 6 mg/kg BW per day to replace inevitable faecal P losses in 
lactating sows and other categories of pigs (weaned pigs, growing pigs and gestating sows), 
respectively. 
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3 Phosphorus and calcium in body tissue 
Phosphorus requirements of growing pigs are largely determined by deposition in lean 
tissue, organs and bone. Jongbloed et al. (2003) collected and analysed a number of studies 
in which P content in the body of pigs was determined using diets that were assumed to 
allow near maximum bone mineralisation. Their dataset comprised 42 treatment groups from 
12 publications of which 35 were used to determine the relationship between EBW and P 
and Ca in the body. Their original dataset has now been extended with studies published 
since 1990 to date and comprised 23 studies with 104 treatment groups from pigs at weaning 
to a maximum of 135 kg BW. Data of treatment groups were included when the digestible 
phosphorus content of the diets met or exceeded the CVB (2012) recommendations for the 
digestible P to energy ratio based on Jongbloed et al. (2003). A description of the complete 
dataset is provided in Annex 1, a summary of descriptive characteristics is provided in Annex 
2. Within studies, data were considered as separate treatment groups when the pigs differed 
in sex, genotype, body weight or dietary digestible P supply. Data of treatment groups were 
combined when the (dietary) treatments were not directly related to P-metabolism. The 
square root of the number of pigs per treatment group was used as weighing factor in the 
regression analysis. 
3.1 Body P and Ca content in published studies over time 
As a first step, content of Ca and P in the empty body (g/kg) and Ca/P ratio were analysed 
using simple linear regression with year of publication as the independent variable. The 
results, included in Annex 3, indicate that P content in the empty body non-significantly 
decreased (P=0.165) from approximately 5.4 g/kg EBW in 1985 to 5.2 g/kg in 2015. The Ca 
content decreased from 8.8 to 7.9 (P=0.009) in the same period. This would suggest a 
decrease in body P and Ca content of 0.2 and 0.9 g/kg in the past 30 years. However, the 
graphs in Annex 3 illustrate that a few early studies (i.e. Fandrejewsky et al., 1986 and Just 
et al., 1985) largely contributed to the high empty body P content in these early years. 
Presumably, this can be explained by the dietary P content in these studies, being 
approximately 1.5 to 2 times the present CVB-recommendations. In later years, none of the 
other studies in the dataset used such a high dietary digestible P (dP) content (over 4 g 
dP/EW in growing pigs). After provisional exclusion of these two studies from the dataset, no 
significant effect of year of publication on empty body P content was observed. Hence, the 
data do not substantiate a significant development in body P content over time beyond the 
effects caused by variation in dietary P content. Because of the absence of an overall effect 
of time, further analysis of body P and Ca content in this report are based on the dataset 
since 1985, including Fandrejewsky et al. (1986) and Just et al. (1985). The data were 
analysed for relationships between Ca and P content as dependent variables and body mass 
and body nitrogen content as independent variables. 
3.2 Linear regression of P and Ca versus empty body weight 
In order to determine the relationship between body weight and P content in comparison to 
methods previously used by Jongbloed et al. (2003) and other references (i.e., Jondreville 
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and Dourmad, 2005; NRC, 2012), linear, quadratic and allometric models were used with 
empty body weight and body nitrogen (protein) mass as explanatory variables. The complete 
results are included in Annex 4. For both EBW and body nitrogen mass a linear effect 
(P<0.001) on body P and Ca mass was observed without significant intercept and quadratic 
effect. Consequently, the P and Ca mass could be described as a constant proportion of 
EBW or protein mass as summarised for EBW in the equations below.  
(1) P (g) = 5.33 ± 0.043 EBW (kg)  (R2 = 97.7) 
(2) Ca (g) = 8.57 ± 0.11 EBW (kg)  (R2 = 95.6) 
 
The results in Annex 4 allow comparison of the relationships using either EBW or whole body 
protein (nitrogen) mass as independent variable. The proportion of explained variance (R2) in 
body Ca and P content was marginally lower and the residual variation marginally higher 
when body N was used as explanatory variable. Hence, our results do not substantiate that 
the use of body protein mass is preferred above EBW for the prediction of body P and Ca 
content, as suggested by NRC (2012). 
The regression line and residuals have been plotted for P mass in Annex 5. Despite the good 
overall fit (high R2) the residual plot indicates an increase in standardised residuals and 95% 
confidence interval of estimates with increasing EBW. This indicates that a log transformation 
of the data would be appropriate. This will be addressed in the next paragraph. 
3.3 Relationships between body weight and P and Ca mass 
As described by Jongbloed et al. (2003), allometric functions have been used to describe the 
relationships between different body components. These functions were originally introduced 
to describe the relative development of physical body components, e.g. skeleton, muscle and 
fat tissue, rather than chemical components (e.g. Walstra, 1980). Nonetheless, allometric 
functions seem useful for Ca and P since these minerals are largely related to the 
development of bone tissue whereas N is closely related to the development of muscle 
tissue. The general function in its simplest form would be Y = aXb in which Y is the response 
variable, e.g. P mass, X is the independent or explanatory variable, e.g. EBW, “a” is a 
constant and “b” is the growth coefficient. An estimate of b=1 implies that body component Y 
develops as a constant proportion of X; if b<1 or b>1, Y develops less or more than 
proportionate to X. In general the regression coefficients are estimated after logarithmic 
transformation and subsequent linear regression, thus also assuring homogenous 
distribution of residual variance: ln Y = ln a +b ln X. In Annex 4 the complete results of 
analyses of allometric relationships, expressing P and Ca as a function of EBW or body 
protein mass were included. The results based on EBW were summarised below. 
(3) Ln P (g) = 1.67 ± 0.039 + 1.0004 ± 0.0099 Ln EBW (kg)  (R2 = 99.0) 
(4) Ln Ca (g) = 2.06 ± 0.054 + 1.018 ± 0.014 Ln EBW (kg)  (R2 = 98.4) 
 
In comparison to the linear relationships (Equation 1 and 2) presented earlier, the allometric 
relationships gave a slightly better prediction (higher R2) of the mass of P and Ca in the body. 
Moreover, the residuals were more homogenously distributed, as illustrated in Annex 6. The 
exponent (b) of 1.0004 for P in equation 3 indicates that the development of the P mass in 
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the body was proportional to the growth of the empty body whereas the development of Ca 
(b = 1.018) was somewhat more than proportional to the EBW. This was confirmed when the 
Ca mass was related to the P mass, with an exponent b of 1.014 (equation 5) indicating a 
slightly more than proportional deposition rate of Ca compared to P. 
(5) Ln Ca (g) = 0.385 ± 0.046 + 1.0135 ± 0.0083 Ln P (g)  (R2 = 99.4) 
 
The results in Annex 4 allow comparison of the relationships using either Ln EBW or Ln N 
(body nitrogen mass) as independent variable. In line with the previous paragraph, the 
results do not indicate that the use of body protein mass improved the prediction of the body 
P and Ca content. We acknowledge that body N content was not determined in all studies in 
the dataset (Annex 4) and that the lower number of studies might have reduced the accuracy 
of the response relationships. However, when the dataset was restricted to studies that 
included both EBW and body N content, EBW still gave an equally good prediction of P and 
Ca content (higher R2, lower SE) as body N content. This is in agreement with the results of 
Pettey et al. (2015) analysing body P content in pigs from 20-120 kg BW. Nonetheless, NRC 
(2012) and Symeou et al. (2014a), largely using the same published data, related the body P 
content to the body N content using a linear (Symeou et al. 2014a) or quadratic (NRC, 2012) 
relationship. The linear coefficient of 33.7 g P/kg body protein deposition derived by Symeou 
et al. (2014a) is close to the value of 32.5 g P/kg body protein determined by linear 
regression in our dataset (Annex 4, 203.2 g P/kg N). 
In Figure 2 the predicted total body P and Ca mass (g) and the P and Ca content (g/kg EBW) 
have been plotted for the linear and allometric functions (Equation 1 to 4). The predicted total 
body mass is similar for the linear and allometric functions (left figure). The Ca content per kg 
EBW based on the allometric function is slightly below the content predicted by the linear 
function and gradually increases with BW (right figure). The allometric relationship was used 
to determine the P and Ca content in retained tissue in the next paragraph. 
 
 
Figure 2.  Relationship between empty body weight (EBW) and body phosphorus (P) and 
calcium (Ca) mass (g) (left panel) and body P and Ca content (g/kg EBW) (right panel) based 
on studies published since 1985 predicted with the linear and allometric functions (Equations 
1 to 4) described in the text. 
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3.4 Mineral content in deposited body tissue 
The diet should allow adequate deposition of phosphorus and calcium in retained body tissue 
in each phase of the growth curve. Therefore, the P and Ca contents per unit retained body 
tissue were determined as the first derivative (dY/dX) of the relationship between EBW and 
mineral mass. The derivative for the linear relationship (Y = aX) dY/dX is the constant “a”, for 
the allometric relationship (Y=aXb) the derivative dY/dX is abX(b-1). In Figure 3, the 
relationship between EBW and P and Ca retention in body tissue, expressed per kg EBW 
gain is presented. The linear relationships indicate a constant composition of retained body 
tissue with 5.33 g P and 8.57 g Ca per kg EBW. The allometric relationship indicated a 
constant P content in body gain of 5.32 g/kg. The relationship derived by Jongbloed et al. 
(2003) showed an increase from 5.40 to 5.47 g P/kg EBW. These results indicate that the 
effect of EBW on the P retention per unit body tissue was very small. Based on the allometric 
relationships, between 5 and 125 kg EBW the Ca retention increased from 8.2 to 8.7 g Ca/kg 
EBW using the new dataset. The relationship derived by Jongbloed et al. (2003) showed an 
increase from 8.2 to 9.3 g Ca/kg EBW. Consequently, in each of the two datasets both in 
absolute and relative terms, the effect of EBW on Ca retention was bigger than the effect on 
P retention in retained body tissue. The mean P and Ca content in retained tissue was 
somewhat lower in the dataset with more recent studies compared to Jongbloed (2003), due 
to the inclusion of recent studies with lower values for the body P and Ca contents. 
 
 
Figure 3.  Retention of phosphorus (left panel) and calcium (right panel) per unit of retained 
body tissue (g mineral/kg EBW gain) as a function of EBW based on studies published since 
1985, using linear and allometric relationships between EBW and body P and Ca mass as 
described in the text and by Jongbloed et al. (2003). 
 
The bigger increase in Ca content with increasing EBW (Figure 3) is reflected in the increase 
in Ca/P ratio with increasing EBW in Figure 4. The higher mean P and Ca content and the 
bigger increase in Ca content with EBW as observed in the older dataset (Jongbloed et al., 
2003) may be a consequence of a higher dietary P and Ca content and subsequent body 
mineral retention. The mineral content in soft tissue (muscle, fat and organs) is relatively 
constant, with a P content of approximately 3.5 g/kg dry matter (DM) and a relatively low Ca 
content 0.2-0.5 g/kg DM (Just Nielsen, 1973; Lüdke et al., 1990). When the dietary P supply 
is low, preference is given to P retention in soft tissue and a reduced proportion is retained in 
the bone matrix. An increase in dietary P content has limited effect on the P content in soft 
tissue whereas the P retention in bone is enhanced, both absolute and as proportion of the 
total P retention (De Wilde and Jourquin, 1992). Since P in bone is largely retained as 
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hydroxyapatite with a ratio of Ca/P of approximately 2.16, this would also increase the Ca/P 
ratio in the retained body tissue. To verify this effect the Ca/P ratio was analysed in the 
dataset of the dose response study with varying dietary P content in growing pigs of Bikker et 
al. (2013). Subsequently, the proportion of P in bone was calculated with the ratio of Ca/P of 
2.16 and assuming that 99% of body Ca is retained in bone (Just Nielsen, 1973; Moinizadeh, 
1973; Jongbloed, 1987). The body Ca/P ratio increased from 1.4 to 1.6 in growing pigs (20-
50 kg) and 1.45 to 1.65 in late finisher pigs (80-125 kg) when dietary dP content increased 
from 50 to 130% of current CVB recommendations. The results in Figure 5 demonstrate a 
linear increase in Ca/P ratio (slope 0.10±0.008) and proportion of P in bone (slope 4.8±0.4) 
with increasing P content in the EBW, irrespective of BW. In addition, the Ca/P ratio and 
proportion of P in bone were higher in 125 kg pigs, confirming the increase with EBW shown 
in Figure 4. In Fandrejewsky et al. (1986) the Ca/P ratio was as high as 1.75 in pigs with an 
empty body P content of 5.85 g/kg EBW. This effect of P-supply on retained Ca/P ratio in the 
body is generally not taken into account, apart from the model of Létourneau-Montminy et al. 
(2015) who distinguished bone and soft tissue pools. In this model the composition of the soft 
tissue, including P content, is assumed constant and largely determined by protein and 
energy intake, thus retaining part of the absorbed P and a small amount of Ca. The 
remaining Ca and P are deposited in bone in a fixed ratio until either of the two becomes 
limiting. This approach allows accounting for the influence of actual dP intake on the optimal 
Ca/P ratio, but it is not feasible in the present factorial calculation of the requirements where 
dietary dP is an output rather than an input parameter. Hence, we use the allometric 
responses described above for Ca and P-retention and Ca/P ratio. For practical use these 
can be simplified by using a Ca/P ratio of 1.55 from weaning to 45 kg body weight and a 
value of 1.60 for pigs between 45 and 125 kg (Figure 4). This is slightly less than the value of 
1.65 realised in our study cited above (Bikker et al., 2013), which was realised at 130% of 
CVB requirements (Jongbloed et al. 2003) and hence above requirements in practical 
circumstances.  
 
Figure 4.  Ratio between calcium and phosphorus deposition per unit empty body weight 
(EBW) gain for the Ca and P retention, as described in Figure 2, as a function of EBW. 
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Figure 5.  Analysed Ca/P ratio and calculated proportion of body P retained in bone 
(assuming 99% body Ca in bone and a Ca/P ratio of 2.16 in bone) as a function of empty 
body P content, calculated in the dose response study with dietary P content in growing pigs 
by Bikker et al. (2013). 
3.5 Mineral contents related to live weight 
When growth simulation models are used to calculate Ca and P retention, these can be 
directly related to the predicted empty body gain or nitrogen (protein) retention, using the 
equations described above. For practical purposes, without using a model, recalculation of 
EBW to LW allows simple application of the results of this study. For this purpose, the 
relationship between EBW and LW was determined using a linear regression model. There 
were no major differences between the different models (Annex 4). Using the model with 
significant linear and quadratic component, EBW as a proportion of LW increased from 
93.5% at 10 kg to 95.5% at 130 kg LW. The equations were in good agreement with 
Jongbloed et al. (2003). The resulting P and Ca content per kg live weight gain increased 
slightly with increasing BW as illustrated in Figure 6 and in detail included in Annex 7. 
(6) EBW (kg) = 0.934 ± 0.0073 LW + 0.000162 ± 0.000072 LW2 (kg)  (R2 = 99.9) 
 
 
Figure 6.  Content of phosphorus (left panel) and calcium (right panel) per kg live weight 
gain based on studies published since 1985 using linear and allometric relationships 
between EBW and body P and Ca mass as described in the text and by Jongbloed et al. 
(2003). 
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3.6 Summary 
For P and Ca-retention in body tissue in relation to EBW of the pigs, we adopted the 
allometric equations 3 and 4, and we used equation 6 to recalculate retention based on EBW 
to retention based on LW of pigs. For practical application, these results can be simplified 
using a constant P-retention of 5.32 g/kg EBW gain and 5.05 g/kg live weight gain with EBW 
is 0.95×LW. For the ratio of Ca/P-retention, values of 1.55 and 1.60 for pigs with LW below 
and above 45 kg, respectively, can be used. A reduction in P supply will proportionally 
reduce body P and Ca content (in bone) and the ratio of Ca/P retention. A 10% reduction in 
body P content (from 5.3 to 4.8 g/kg) will reduce the Ca/P ratio by approximately 0.05. 
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4 Digestion and utilisation of phosphorus and calcium 
4.1 Phosphorus 
In the previous chapters P requirements are described as net or post absorptive 
requirements of P for maintenance processes and tissue deposition. To convert the net 
requirements into digestible P requirements, the relationship between digestion and 
absorption of P from feed ingredients and processes influencing the post absorptive 
utilisation need to be taken into account. Jongbloed et al. (2003) assumed complete (100%) 
utilisation of phosphorus digested and absorbed according to the digestibility coefficients of 
feed ingredients as for example included in the CVB-table. The German GfE adopted an 
efficiency of utilisation of digestible P of 0.95 based on studies of Rodehutscord et al. (1998) 
and Pettey et al. (2006). NRC (2012) assumed a maximum efficiency of 0.95 for P retention 
in individual pigs when P intake is just below requirements. To account for variation between 
individual pigs this efficiency was reduced to 0.77 to calculate P requirements of both 
growing pigs and reproductive sows. This approach is based on data and simulations for 
lysine utilisation in individual pigs (e.g. Pomar et al., 2003) since individual variation in P 
utilisation has not been addressed in published literature. 
4.1.1 Post-absorptive utilisation 
The degree of post absorptive utilisation of P is reflected by urinary P excretion and can be 
determined by relating P retention and/or urinary P excretion to digestible (absorbed) P 
intake. Rodehutscord et al. (1998) reanalysed a series of balance experiments with diets 
suboptimal in P content in piglets and growing pigs and concluded that utilisation of absorbed 
P for P retention was 0.99, hence almost complete. In a balance study, Pettey et al. (2006) 
showed an utilisation of absorbed P above 0.98 at low levels of P intake. With increasing P 
intake to 2.0 and 1.7 g/kg feed (14.3 MJ ME/kg) in 59 and 98 kg pigs, P utilisation decreased 
to approximately 0.90 without clear indication that a maximum in P retention (plateau level) 
was reached. This is in line with results of a serial slaughter experiment of Bikker et al. 
(2013) in growing pigs from 25 to 125 kg body weight, who observed a gradual decrease in 
utilisation of absorbed P with increasing P intake. The mean utilisation from 25-125 kg was 
close to 1.00 with P intake below 90% of CVB recommendations and decreased to 0.95 at 
higher levels of P intake. Stein et al. (2008) studied the effect of increasing P intake from 
MCP in a balance study and observed a retention (balance) between 0.94 and 0.97 of 
absorbed P. At the highest P intake level, the retention decreased to 0.90 of absorbed P, 
presumably because Ca became limiting for P retention in bone tissue. Liu et al. (2016) 
observed a retention of absorbed P of 99% in 30 kg pigs, by the authors related to the lower 
range of dietary P-content compared to Stein et al. (2008). Stein et al. (2011) observed a 
constant utilisation of absorbed P of approximately 0.95 when dietary Ca was at or above the 
level required to maximise P retention in a balance study with young growing pigs between 
20 and 30 kg supplied with a dietary P close to the estimated requirements. Although the 
increase of dietary Ca above the level for maximum P retention decreased P absorption and 
retention, the post absorptive utilisation remained constant. Similarly, results of a balance 
study by Gonzalez-Vega et al. (2016a) indicate an utilisation of absorbed P of 0.97 when Ca 
is at or above the level for maximum retention. Overall, these results suggest that at low 
levels of P intake, when Ca is not limiting, the absorbed P is almost completely utilised for P 
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retention and urinary excretion is very small and presumably limited to minimal endogenous 
losses. With increasing P intake, the reabsorption of P from primary urine in the kidney may 
decrease, resulting in a gradual increase in urinary P excretion and decrease in the utilisation 
of absorbed P. Based on literature we propose to use a factor of 0.98 for the efficiency of 
utilisation of absorbed P close to the requirements, provided that absorbed Ca is not limiting 
P deposition. This is in between recent models proposed by NRC (2012) and Symeou et al. 
(2014b), using a value of 0.95 and Létourneau-Montminny et al. (2015) who adopted 
complete utilisation of absorbed P (i.e. no increase in urinary P above the minimum 
endogenous excretion) until maximum bone mineralisation is reached. We acknowledge that 
the use of a constant factor for the efficiency of absorbed P utilisation may be a simplified 
representation of a gradual decrease with increasing dietary P supply. 
4.1.2 Digestion 
Based on the estimation of (basal) endogenous losses, the retention of P and the post 
absorptive utilisation of P as described above, the digestible P requirements can be 
calculated. Because basal endogenous losses from the digestive tract are included in the 
maintenance requirements of the animal, the diet digestible P content needs to be expressed 
on a standardised digestible basis, corrected for basal endogenous losses in the faeces 
caused by intake and digestion of the diet. Practical application requires that the 
standardised digestible P content of the feed ingredients and the complete diet are known. In 
conjunction to this report, CVB provides a table with the digestible P content of commonly 
used feed ingredients. This will provide a practical basis for the application of the 
recommendations. Nonetheless, the use of static values for P digestibility undervalue the 
dynamic influences of dietary factors, including total P, phytate P (PP) and non-phytate P 
(NPP) and Ca content, and the presence of microbial and intrinsic phytase in the diet. The P 
digestibility of feed ingredients has generally been determined at marginal levels of P supply 
to assure maximum absorption of P. At a level of P intake close to the requirements 
digestibility (i.e. absorption) of P may be reduced because of a less efficient (active or 
passive) absorption process. Recently, we studied the effect of an incremental dietary P 
content from MCP on absorption and retention of P in growing pigs (Bikker et al., 2013). The 
results indicated a decrease in relative P absorption above a P intake of approximately 90% 
of CVB requirements based on Jongbloed et al. (2003) in growing pigs (20-50 kg, P=0.11) 
and late finisher pigs (80-125 kg, p=0.01) but not significant in early finisher pigs (50-80 kg). 
This decrease would suggest that the use of digestibility coefficients determined at marginal 
level may overestimate the P absorption and retention at higher P intake levels. On the other 
hand, Ekpe et al. (2002) and Stein et al. (2008) studying the response to incremental levels 
of P from MCP and DCP, respectively, did not observe a decrease in relative P absorption 
with incremental P content. The main difference between these studies and our study was 
that in the latter two studies Ca content was kept constant or increased to a lesser extent 
than P content, whereas in our study Ca and P were added in a constant ratio of 3.0, with a 
minimum Ca content of 5 g/kg. An increase in Ca content may contribute to a decrease in P 
digestibility, e.g. because of the increase in buffer capacity and intestinal pH and the 
formation of Ca-phosphate complexes. The effect of Ca is further addressed in paragraph 
4.2. In a review of Létourneau-Montminy et al. (2012) a linear relationship between intake of 
non-phytate P and digested P was observed, without significant quadratic component, over a 
wide range of NPP from 0.8 to 5.3 g/kg of diet. This suggests little effect of an increasing 
NPP supply on the digestibility and absorption from the digestive tract. In line with these 
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results, Symeou et al. (2014b) adopted a constant absorption of non phytate P of 0.8 from 
the digestive tract, irrespective of the dietary NPP supply. On the other hand, Létourneau-
Montminy et al. (2011) modelled the digestion and absorption of NPP (and PP) on the basis 
of solubilisation and absorption kinetics in relation to digestive transit time in a three-
compartment model (stomach, proximal and distal small intestine) based on assumptions 
regarding the contribution of active and passive absorption. This approach allows to account 
for effects of the digestive transit of an increasing amount of P in relation to the 
(in)solubilisation and active and passive absorptive capacity of the gut. However, since the 
parameters of Ca and P absorption used by Létourneau-Montminy et al. (2011) were based 
on Stein et al. (2008) cited above, the model may not be expected to provide new insight in 
the effect of NPP intake on P absorption beyond that study. None of the models includes 
active regulation of P absorption in relation to dietary P supply. In fact, the relative 
contribution of active and passive transport to the intestinal absorption of P is unclear and a 
matter of debate. Montminy-Létourneau et al. (2011) assumed that P is largely absorbed 
involving active mechanisms, whereas others (Fan et al. 2008; Symeou et al., 2014a) 
assumed that only at low P intake a substantial fraction of P is absorbed by active transport. 
As a consequence of the latter assumption, P absorption (%) is relatively independent of 
NPP supply, with urinary P as the major route of excretion at incremental levels of dietary P 
supply.  
In the context of this study we conclude that there is insufficient evidence for a decrease in P 
absorption with increasing dietary P supply, and therefore this is not accounted for in the 
factorial method. However, as discussed above, it cannot be excluded that P digestion and 
absorption at levels required for adequate performance and bone mineralisation is less than 
at levels applied to determine the P digestibility of feed ingredients. Moreover, the complex 
dynamics of phytate solubilisation and degradation in relation to phytase and Ca in the diet 
have not been addressed as being outside the scope of the study. It is recommended to 
address these aspects in a response model in the near future. 
 
4.1.3 Summary 
To calculate P requirements, a constant standardised digestibility of P based on table values 
of ingredients is used and a constant utilisation of absorbed P for P retention of 98% is 
adopted. 
4.2 Calcium 
Because of the close connection between Ca and P, an adequate Ca supply is required for 
optimal growth performance, mineral retention and P utilisation.  
4.2.1 Post-absorptive utilisation 
Limited attention has been paid to the endogenous urinary and faecal losses of Ca and the 
utilisation of absorbed Ca for retention in the body. With regard to urinary losses, it is 
assumed that when P and Ca are well below the requirements, almost all Ca and P is 
reabsorbed by the kidneys (e.g. Vipperman et al., 1974) and hence a value of 2.0 mg Ca/kg 
BW as endogenous urinary loss was adopted by Létourneau-Montminy et al. (2015). In 16-kg 
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pigs fed diets limiting in Ca, Létourneau-Montminy et al. (2010) observed an urinary Ca 
excretion of 60-80 mg/d (5 mg/kg BW). Stein et al. (2011) observed an urinary excretion of 
170 mg Ca/d (6 mg/kg BW) in pigs with a BW of 25-30 kg fed a diet limiting in Ca. In a 
balance study of Gonzalez-Vega et al. (2013) pigs of about 20 kg BW had a minimum Ca 
excretion in the urine of approximately 125 mg/d (6 mg/kg BW) at diets that were severely 
limiting in Ca (Ca/dP from 0.2-0.9) and Gonzalez-Vega (2016b) observed a minimum urinary 
Ca excretion of 220 mg/d (6 mg/kg BW) in 35 kg pigs. Since none of these studies included 
Ca-free diets, the urine may also contain incompletely utilised absorbed dietary Ca and 
hence the values reported above may overestimate basal endogenous urinary losses. 
Estimates of endogenous losses and post-absorptive utilisation are highly correlated. The 
relationship between absorbed Ca and Ca excreted in urine derived from the study of 
Gonzalez-Vega et al. (2013) indicate endogenous losses of about 6 mg/kg BW and 90-95% 
retention (utilisation) of absorbed Ca. Data of Gonzalez-Vega et al. (2016a,b) who 
determined the response to an increasing Ca intake at higher Ca/dP ratios in 16 kg and 35 
kg pigs also indicate a retention of approximately 95% of absorbed Ca at the lowest intake 
levels. The utilisation of incrementally absorbed dietary Ca however gradually decreased. 
The overall retention of absorbed Ca close to maximum Ca retention was 80-90%. Hence, 
these results suggest a decrease in utilisation of absorbed Ca with increasing dietary Ca 
content and Ca/dP ratio. On the other hand, in the study of Bikker et al. (2013) with 
increasing dietary Ca and P content in a constant ratio (Ca/dP of 3.0) the digestion of Ca 
gradually decreased whereas the utilisation of absorbed Ca increased to approximately 80% 
and ≥90% in pigs receiving dP at 110 and 130% of CVB recommendations, respectively. 
This increase can be explained by the increase in the proportion of absorbed P retained in 
bone, thus facilitating a higher Ca retention. Stein et al. (2008) observed an increase in Ca 
retention to approximately 90% of absorbed Ca with increasing dietary Ca intake and 
decreasing Ca/dP ratio. These results indicate that utilisation of absorbed Ca depends on 
absolute Ca and P intake, and Ca/dP ratio and may interact with digestion and requirements 
(body weight). These interactions require further study and quantification. Based on the 
presented results, we provisionally adopted endogenous urinary Ca losses of 2 mg/kg BW 
and an efficiency of utilisation of Ca of 98%. We acknowledge that this is a simplified 
description of the Ca utilisation which requires more attention in the future. 
4.2.2 Digestion 
The introduction of dietary recommendations based on (apparent or standardized) digestible 
Ca is hampered by the lack of quantitative insight in the Ca digestibility of feed ingredients 
and the complete diet. At present, only a limited number of studies addressed the Ca 
digestibility of feed ingredients and no feedstuff table with digestible Ca values is available. 
The absence of studies on Ca digestibility in feed ingredients can be put in perspective as in 
many feed ingredients from plant origin the Ca level is very low and does not substantially 
contribute to the Ca provision of the animal. Only in inorganic Ca-sources, animal products 
and a limited number of frequently used plant products (e.g. oil seed co-products) a relatively 
high Ca-level is present. Hence, diets are generally based on total Ca, whereas Ca 
digestibility of ingredients may differ substantially. For example, Gonzalez-Vega et al. (2015) 
determined an apparent Ca digestibility of 58% for calcium carbonate and 83% for mono 
calcium phosphate. The value for calcium carbonate is in line with Stein et al. (2011) but 
substantially higher than the value of 37% obtained by Kemme et al. (1995). These 
differences may be explained, among others, by characteristics of the calcium carbonate in 
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these studies, and an influence of phytic acid in the diet, as Kemme et al. (1995) reported a 
decrease in Ca digestibility when phytate-P was increased (-6%-units for 1 g phytate-P/kg of 
diet). Moreover, numerous studies reported an increase in Ca digestibility when (microbial) 
phytase was added to the diet (e.g. Kemme et al., 1995; Létourneau-Montminy et al., 2010; 
Gonzalez-Vega et al., 2013). The magnitude of this effect seems dependent on the source of 
Ca (Gonzalez-Vega et al., 2015b). A Ca evaluation system based on digestion and 
absorption of Ca is required to adequately account for these effects. At this point, we 
recommend to improve the feed evaluation by including the dynamics of Ca digestion, 
absorption and interactions in the digestive tract. This will not only allow more accurate 
supply of Ca to the needs of the pigs, but more importantly reduce the risk of suboptimal P 
utilisation and bone mineralisation. 
In line with the requirements of P, also for Ca basal endogenous losses need to be taken into 
account and preferably included in the requirements of the animal. Information on (basal) Ca 
losses from the digestive tract is scarce, but some recent studies allow a provisional 
estimate. Basal endogenous losses of Ca in the faeces were derived by regression to zero 
Ca intake in a study of Gonzalez-Vega et al. (2013) as 175 mg/kg dry matter intake (DMI). 
Using Ca-free diets, basal Ca losses were reported as 220 and 396 mg/kg DMI (Gonzalez-
Vega et al., 2015a), 123 mg/kg DMI (Gonzalez-Vega et al., 2015b) and 329 mg/kg (Merriman 
and Stein, 2016). These studies were conducted in pigs with an initial BW between 15 and 
20 kg. From these results we propose a provisional estimate of mean basal endogenous 
losses of approximately 250 mg/kg DMI and 8 mg/kg BW. The value per kg DMI can be used 
to calculated a standardised digestibility of feed ingredients, the value per kg BW can be 
included in the requirements of the pigs. 
4.2.3 Calcium - phosphorus interactions and calcium requirements 
Interactions between calcium and phosphorus 
Because of the lack of a digestible Ca system, recommendations for Ca requirements are 
presently based on total dietary Ca. This requires assumptions regarding the mean dietary 
Ca digestibility and consideration of interactions in the digestive tract. Despite the fact that an 
adequate amount of absorbed Ca is required for bone mineralisation and optimal utilisation 
of absorbed P, oversupply of Ca needs to be avoided because of the negative effect of Ca 
on digestion and absorption of P. This negative effect of Ca may be mediated by several 
mechanisms: 
- Ca may increase the buffer capacity of the diet and the chyme in the stomach, thus 
hampering the pH drop below pH 4 as required for solubilisation of phytate and optimal 
activity of several phytase products. 
- A high Ca level may stimulate the formation of insoluble Ca-phytate complexes, thus 
rendering both P and Ca unavailable. It is therefore suggested that the negative effect of 
a high Ca content may be bigger in diets high in phytate and supplemented with phytase. 
However, this was not supported by results of Kemme et al. (1995) and a meta-analysis 
of Létourneau-Montminy et al. (2012) in which the effect of Ca on P digestibility was 
independent of the phytate and phytase content. 
- At the relatively high pH in the small intestine a high Ca content in the chyme may 
increase the formation of insoluble Ca-phosphate complexes, thus limiting the absorption 
of previously solubilised phosphorus from phytate and non-phytate origin. 
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The potential negative effect of Ca content was illustrated by Stein et al. (2011) who reported 
a decrease in P digestibility from feed materials and mono sodium phosphate from 61 to 46% 
when Ca content from Ca carbonate was increased from 4.6 to 9.2 g/kg (Ca:dP ratio 1.8 to 
3.6). Similarly, Kemme et al. (1995) reported a decrease in digestibility of P from feed 
ingredients from 31 to 27% and from 60 to 54% when Ca content was increased from 2 to 10 
g/kg by the addition of calcium carbonate, in diets without or with 800 FTU/kg of microbial 
phytase. In this study the realised Ca:dP ratio increased from 1.8 to 8.7 and from 1.2 to 4.5 in 
diets with 0 and 800 FTU/kg, respectively. Reinhart and Mahan (1986) observed a decrease 
in growth performance and bone ash content when the total Ca/P ratio exceeded 1.3 in 
phytase-free low P diets (below NRC requirements) and 2.0 in phytase-free high P diets 
(above NRC requirements). Qian et al. (1996) observed a decrease in growth performance 
and bone ash content when the total Ca/P ratio exceeded 1.2 (Ca:dP > 2.1-2.3, dCa:dP > 
1.6-1.8) in phytase enriched diets. In a review of a large number of digestibility studies, 
Létourneau-Montminy et al. (2012) reported a linear decrease in P digestibility of 3% for each 
1 g/kg increase in dietary Ca content, without interaction between Ca and non-phytate P 
content. These results indicate that a high Ca content or Ca/P ratio may decrease P 
digestion and retention and presumably this negative effect is bigger in diets with a relatively 
low P content, as required for optimal P utilisation. On the other hand, a too low supply of 
(digestible) Ca may limit P retention as illustrated by Gonzalez-Vega et al. (2016a,b) and 
Létourneau-Montminy et al. (2010). The latter authors showed that an increase in Ca content 
reduced P retention in a phytase-free diet and increased P retention in a diet with microbial 
phytase despite a similar reduction in P digestibility in the two diets due to the additional Ca 
supply. In the phytase enriched diet overall more P was released and absorbed and could be 
retained when more sufficient Ca was available for bone mineralisation. 
These results indicate that both a low and high Ca/P ratio may reduce P utilisation and bone 
mineralisation. The minimum ratio is largely determined by the amount of absorbed Ca (dCa) 
which requires insight in digestibility of different Ca sources as discussed above. The 
maximum is determined by the negative effect on digestibility, which is already present at 
relatively low levels of Ca:dP ratio as illustrated by Kemme et al. (1995) and by Stein et al. 
(2011) for a Ca:dP ratio above 1.8. Qian et al. (1996) observed a decrease in bone ash 
above a dCa:dP ratio of 1.6-1.8, which is in good agreement with the Ca/P ratio of 1.55-1.6 in 
retained body tissue as derived in this report. At a higher dCa:dP ratio, the surplus Ca is not 
retained, whereas it may have a negative effect on P digestibility, thus reducing the actual P 
retention. Kemme et al. (1995) observed an increase in P retention when Ca was increased 
in a phytase enriched diet until a dCa:dP ratio of 1.6. Some other studies, e.g. Stein et al. 
(2011), did not observe an increase in P retention above a dCa:dP ratio of 1.3. This may be 
related to the dietary P content. At a relatively low P supply, a large proportion of P is 
retained in soft tissue with a very low Ca content, thus reducing the Ca/P ratio in whole body 
tissue deposition. 
Estimation of calcium requirements 
The value adopted as digestibility of dietary Ca has a major impact on the recalculation of 
digestible to total (gross) Ca requirement. This is illustrated by the data of Kemme et al. 
(1995) and Qian et al. (1996) for which a similar dCa:dP of 1.6 was realised at a total Ca:dP 
of 3.0 and 2.2, respectively, because of major differences in Ca digestibility. Because of lack 
of information, NRC (2012) pragmatically adopted a ratio between total Ca and standardised 
digestible P of 2.15, assuming a high availability of most inorganic Ca sources. The German 
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GfE (2008) adopted an overall Ca utilisation of 70%, including 30% losses in faeces and 
urine, resulting in a Ca:dP ratio between 2.3 and 2.4. Jongbloed et al. (2003) adopted a 
digestibility value of 50 to 60% without and with phytase, resulting in a mean Ca:dP ratio of 
2.8 for weaned pigs and of 3.0 for growing-finishing pigs. From a number of studies in which 
Ca digestibility was determined, a mean apparent digestibility of 55% in diets without 
microbial phytase seems appropriate for growing pigs. This agrees with a standardised 
digestibility of 58% for a diet with 7 g Ca/kg and 250 mg endogenous losses/kg dry matter. 
Thus, if no information of digestibility of the diet is available, we propose to use a value of 
58% to estimate the total Ca requirements from the standardised digestible Ca requirements. 
 
Phytase 
A number of studies has shown the beneficial effect of microbial phytase on Ca digestibility, 
thus reducing the required total Ca:dP ratio. The actual increase depends on the efficacy and 
inclusion level of phytase, and the diet composition, e.g. Ca content, Ca-source, level and 
source of phytate and content of other cations (e.g. Mg). We recommend to include the 
contribution of phytase to digestion and absorption of Ca as a characteristic of the phytase in 
the feed optimisation programme. At incremental levels of Ca supply, Kemme et al. (1995) 
observed an increase in Ca absorption (g/d) of approximately 0.9 relative to the effect of P. 
Letourneau-Montminy (2010) observed a mean increase in absorbed Ca of 0.94 relative to 
the release of P. These results are in good agreement with a meta-analysis of 22 studies by 
Bikker et al. (2012) reporting an additional absorption of 0.97 g P and 0.86 g Ca with 500 
FTU of microbial phytase. Other studies observed a wide variation in the ratio of extra 
absorbed Ca and P (in g dCa/g dP) resulting from phytase addition to the diet, varying from 
0.4 in an unsupplemented canola based diet (Gonzalez-Vega et al., 2013), 0.8 in an 
unsupplemented corn-soy diet (Guggenbuhl et al., 2007) to 2 for CaCO3 and 4 for DCP 
supplemented diets (Gonzalez-Vega et al., 2015). For practical application, we suggest to 
use a contribution of microbial phytase of 0.8 g digestible Ca per 1 g of digestible P if no 
further information of the effect on Ca digestibility is available. This implies that the required 
dietary digestible Ca content can be reduced by 0.8 g per 1 g of digestible P released by the 
phytase supplement. For example, when 500 FTU of phytase X is included per kg of diet, 
and this supplement is supposed to contribute 0.8 g of digestible P, we assume that this 
amount of phytase contributes 0.64 g of digestible Ca. Hence, the digestible Ca required 
from other feed ingredients can be reduced by 0.64 g/kg.  
 
4.2.4 Summary 
To estimate standardised digestible Ca requirements, we adopted basal endogenous faecal 
losses of 8 mg/kg BW, endogenous urinary losses of 2 mg/kg BW, and a constant utilisation 
of absorbed Ca for retention of 98%. The required dietary Ca content is based on the 
standardised digestible Ca content of ingredients, using 250 mg/kg dry matter to calculated 
standardised digestibility of Ca from the apparent digestibility. As a default, a mean 
standardised Ca digestibility of 58% was proposed to calculate the required total dietary Ca 
content. 
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5 Requirements of phosphorus and calcium of growing pigs 
With the information discussed above, the Ca and P requirements for growing pigs can be 
calculated using maintenance requirements to cover endogenous losses, and retention in 
body tissues. In summary, digestible P requirements include: 
- 6 mg/kg BW for faecal endogenous losses; 
- 1 mg/kg BW for urinary endogenous losses; 
- Equation 3 to express retained P per kg EBW gain (after differentiation). For practical use 
this may be simplified to a constant value of 5.32 g/kg EBW. 
- Factor 0.98 for utilisation of absorbed P for P retention; 
- Equation 6 for the relationship between EBW and LW. For practical use, a mean value of 
EBW as 95% of LW provides a good approximation. When using a growth model (e.g. 
TMV, INRAporc), the relationship between EBW and LW from the model can be used. 
 
Total Ca requirements can be derived on the basis of: 
- Equation 4 to express retained Ca per kg EBW gain (after differentiation). For practical 
use this can be simplified by using a Ca/P ratio of 1.55 in weaned pigs until 45 kg BW 
and 1.60 for growing-finishing pigs above 45 kg. 
- 8 mg/kg BW for faecal endogenous losses; 
- 2 mg/kg BW for urinary endogenous losses; 
- Factor 0.98 for utilisation of absorbed Ca for Ca retention; 
- A mean standardised Ca digestibility of 58%, unless other diet specific information is 
available.  
- Basal endogenous losses of 250 mg/kg DM to calculate standardised Ca digestibility 
form apparent Ca digestibility. 
- Inclusion of the effect of microbial phytase, release of 0.8 g digestible Ca per 1 g 
digestible P unless other diet or phytase specific information is available. 
- In addition: a lower dietary P supply will reduce the Ca/P ratio in the body, hence dietary 
Ca:dP ratio should be reduced accordingly. A 10% reduction in body P content (from 5.3 
to 4.8 g/kg) will reduce the Ca/P ratio by approximately 0.05. 
5.1 Requirements of weaned pigs 
For the calculation of P requirements of weaned pigs Jongbloed et al. (2003) adopted a 6-
week growth performance of weaned pigs of 470 g/d with an intake of 0.76 EW/d and a feed 
conversion of 1.62 EW/kg of gain, based on studies published before 2003. More recent 
studies conducted at VIC Sterksel (e.g. Bikker et al., 2011a,b and 2012) showed similar 
overall growth performance, but indicated a more gradual increase in FCR with age. This 
was included in the dataset. The final BW of 27 kg after a six week nursery period agrees 
with the 20% of best farms at this point according to Bedrijfsvergelijking AgroVision B.V. 
(2016). In Table 1 a summary of results is presented. In Annex 8 the performance is given on 
a daily basis and requirements calculated using the allometric functions and the simplified 
method presented above. The results of the two methods are only slightly different. The 
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results indicate a rapid increase in P and Ca requirements per day and a gradual decrease in 
requirements per EW because of an increasing FCR. A STTD of Ca of 60% was adopted for 
piglet diets. For practical application, phase 1 diets with 3.8 g STTD-P and 10.0 g Ca per EW 
(6.0 g STTD-Ca) and phase 2 diets with 3.2 g dP and 8.5 g Ca per EW (5.1 g STTD-Ca) 
would be adequate in week 1-2 and week 3-6 of the nursery period. Because of the high 
buffering capacity of Ca and the negative effects on growth performance and P digestibility, 
the usage of microbial phytase and concomitant reduction of Ca content is recommended.  
 
Table 1.  Calculated requirements of standardised total tract digestible (STTD) 
phosphorus (dP) and STTD and total calcium in weaned pigs (dCa en Ca, respectively) 
based on model assumptions in paragraph 4.3. The results are based on the mean feed 
intake, body weight (BW), daily gain (ADG) and feed conversion ratio (FCR) in weekly 
periods after weaning. 
Wk 
FI, 
EW/d 
BW
kg 
ADG 
g/d 
FCR, 
EW/ 
kg 
dP 
maint., 
g/d 
dP 
gain, 
g/d 
dP 
total 
g/d 
dCa 
total 
g/d 
dCa
/ dP 
dP/ 
EW 
dCa
/EW 
Ca/ 
dP 
Ca/ 
EW 
1  0.22 8.0 160 1.36 0.06 0.82 0.88 1.36 1.55 3.97 6.15 2.58 10.25 
2  0.42 9.7 300 1.41 0.07 1.52 1.59 2.47 1.56 3.77 5.86 2.59 9.77 
3  0.65 12.3 430 1.53 0.09 2.16 2.25 3.51 1.56 3.46 5.40 2.60 9.01 
4  0.90 15.8 540 1.65 0.11 2.76 2.87 4.50 1.57 3.20 5.02 2.61 8.37 
5  1.13 20.0 650 1.74 0.14 3.31 3.45 5.43 1.57 3.04 4.79 2.62 7.99 
6  1.33 25.0 750 1.77 0.18 3.82 3.99 6.31 1.58 3.01 4.76 2.63 7.93 
mean 0.77 27.3 470 1.65          
For Ca a STTD of 60% was adopted to calculate total Ca from digestible Ca, assuming that 
ingredients with a higher Ca digestibility are used in piglet diets.  
5.1.1 Practical application 
It is generally recommended to minimise the buffer capacity of diets for weaned pigs. Since 
Ca (limestone) substantially contributes to a high buffer capacity, Jongbloed et al. (2003) 
recommended to use a maximum Ca content of 8 g/kg in weaning diets, meaning that a 
transient reduction in bone mineralisation is accepted. Based on the variation in mineral 
retention in different studies we assume that a transient reduction in P retention of 15% (i.e. 
from 5.32 to 4.52 g/kg empty body gain) does not compromise performance and health of 
newly weaned pigs. Because of the reduction in bone mineralisation, the Ca/P retention is 
reduced from 1.55 to 1.48 (paragraph 3.4). Hence, we recommend a diet with a minimum of 
3.4 g dP and 8.4 g Ca per EW during the first 14 days post weaning and a diet with 3.2 g dP 
and 8.4 g Ca per EW thereafter. The total Ca content can be reduced if Ca sources with a 
STTD above 60% are used. Use of phytase is recommended for the release of digestible P 
and Ca. 
5.2 Requirements of growing finishing pigs 
Daily requirements of Ca and P in growing pigs are largely determined by endogenous 
losses, related to body weight, and tissue deposition of the pigs. The feed conversion ratio 
plays a crucial role when requirements are expressed per kg of feed. Jongbloed et al (2003) 
used feeding schemes developed with TMV (Technisch Model Varkensvoeding) as published 
in CVB documentation report 26 (Van der Peet-Schwering et al., 1994). However, these 
schemes are no longer considered representative for present genotypes of pigs. Moreover, 
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intact male pigs were not included in this report. Therefore we used recent data of studies 
comparing intact male, female and castrated pigs at VIC Sterksel to parametrise the TMV-
model and estimate the weekly feed intake and growth performance of the three types of 
pigs (Van der Peet-Schwering et al., 2012). In the TMV model the principal approach is the 
distribution of energy intake above maintenance to lipid and protein deposition according to a 
predefined ratio (marginal ratio) which increases with increasing body weight of the pig, with 
a genetically determined maximum daily protein deposition (PDmax). For this calculation 
amino acid supply was assumed to be non-limiting. The mean results of the three types of 
pigs in this study agree with the daily gain and feed conversion ratio (EW basis) of the best 
20% farms according to Bedrijfsvergelijking AgroVision (2016). The results are summarised 
in Table 2, details of the assumptions and results are included in Annex 9. The results in 
Annex 9 indicate an increase in dP and dCa requirements (in g/d) until approximately 60-80 
kg BW and a decrease thereafter, largely following the growth rate of the pigs. Expressed per 
kg of feed or EW, dP and dCa requirements gradually decrease with increasing BW because 
of the gradual increase in FCR. The higher requirements of dP per EW in boars compared to 
female pigs and even more compared to castrated pigs are also largely explained by 
differences in FCR.  
The calculated requirements per EW are higher than in Jongbloed et al. (2003). This is 
largely caused by the lower (better) feed conversion in the new calculations of approximately 
2.65 and 2.75 EW/kg body gain for females and castrates, whereas earlier recommendations 
were based on conversions of 2.81-2.99 EW/kg for females and 2.90-3.06 EW/kg for 
castrates. Growth rate and feed utilisation were especially higher in the grower period 
according to the results based on recent studies, thus contributing to increased dP and dCa 
requirements per EW in this period.  
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Table 2.  Calculated requirements of standardised total tract digestible (STTD) 
phosphorus (dP) and calcium (dCa) and total calcium in intact and castrated male and 
female growing finishing pigs using TMV (Technisch Model Varkensvoeding)1). 
 Intact male pigs  Castrated male pigs  Female pigs 
Wk 
Feed, 
intake, 
EW/d 
BW 
start, 
kg 
dP/ 
EW 
dCa/ 
EW 
Ca/ 
EW  
Feed, 
intake, 
EW/d 
BW 
start, 
kg 
dP/ 
EW 
dCa/ 
EW 
Ca/ 
EW  
Feed, 
intake, 
EW/d 
BW 
start, 
kg 
dP/ 
EW 
dCa/ 
EW 
Ca/ 
EW 
1  1.05 24.0  2.84 4.49 7.73  1.10 24.0  3.20 5.04 8.70  1.10 24.0  2.79 4.40 7.59  
2  1.25 27.8  3.06 4.83 8.33  1.35 28.5  3.12 4.93 8.50  1.30 27.9  2.98 4.71 8.12  
3  1.5 32.7  2.86 4.54 7.82  1.60 33.9  2.77 4.39 7.57  1.55 32.9  2.82 4.48 7.72  
4  1.7 38.2  2.75 4.36 7.53  1.85 39.6  2.53 4.02 6.92  1.80 38.5  2.66 4.22 7.28  
5  1.9 44.1  2.56 4.08 7.03  2.10 45.5  2.32 3.69 6.36  2.00 44.6  2.46 3.92 6.76  
6  2.05 50.3  2.43 3.87 6.68  2.30 51.7  2.17 3.46 5.97  2.15 50.8  2.33 3.72 6.41  
7  2.15 56.5  2.34 3.73 6.44  2.40 57.9  2.11 3.37 5.81  2.25 57.1  2.25 3.60 6.20  
8  2.25 62.8  2.27 3.62 6.25  2.50 64.2  2.06 3.28 5.66  2.35 63.4  2.19 3.49 6.03  
9  2.35 69.1  2.21 3.53 6.09  2.60 70.5  1.99 3.18 5.49  2.45 69.7  2.12 3.39 5.84  
10  2.45 75.5  2.16 3.46 5.96  2.65 76.9  1.95 3.12 5.38  2.50 76.1  2.08 3.33 5.74  
11  2.55 81.9  2.10 3.36 5.79  2.70 83.1  1.90 3.05 5.25  2.55 82.4  2.05 3.28 5.66  
12  2.6 88.4  2.06 3.30 5.69  2.70 89.3  1.88 3.01 5.19  2.60 88.7  2.02 3.23 5.57  
13  2.65 94.8  2.02 3.23 5.56  2.70 95.3  1.86 2.98 5.14  2.65 94.9  1.98 3.17 5.46  
14  2.65 101.1  1.99 3.19 5.49  2.70 101.2  1.85 2.96 5.10  2.65 101.1  1.96 3.13 5.40  
15  2.65 107.3  1.97 3.15 5.43  2.70 107.0  1.84 2.94 5.07  2.65 107.2  1.94 3.10 5.35  
16  2.65 113.3  1.95 3.12 5.39  2.70 112.7  1.83 2.93 5.05  2.65 113.1  1.93 3.08 5.31  
17  2.65 119.2  1.94 3.10 5.35  2.70 118.3  1.83 2.92 5.04  2.65 118.9  1.92 3.06 5.28  
18  2.65 125.0  1.93 3.08 5.32  2.70 123.9  1.83 2.92 5.03  2.65 124.7  1.91 3.05 5.26  
1)  The relatively high estimate of dP/EW and Ca/EW in castrates in week 1 and 2 are an artefact of 
the parametrising of the model. The actual FCR of the castrates in the first 4 weeks was only 
marginally different from the female pigs. 
2)  Total Ca derived from dCa using 58% standardised total tract digestibility of dietary Ca. 
5.2.1 Influence of variation in growth performance 
The results of the different types of pigs (intact male, female, castrate) suggest that feed 
conversion ratio rather than feed intake and growth rate is the major determinant of the Ca 
and P requirements per EW. This is confirmed by a simulation of feed intake and feed 
utilisation in female pigs. A decrease in growth rate from 850 to 770 g/d due to a reduction in 
feed intake of 10% with little effect on FCR reduced the required dP and Ca/EW by not more 
than 2%. A similar reduction in growth rate due to a 10% increase in FCR from 2.65 to 2.92 
reduced the required dP and Ca per EW by 8-10% in the grower and early finisher phase 
and by 10-12% in the late finisher phase. Pigs with this lower growth performance and higher 
FCR represent 20-40% of the farms in Bedrijfsvergelijking AgroVision (2016). Hence, the 
results in Table 2 are directly applicable for the category of best farms in terms of growth 
performance and can be reduced proportionately in farms with higher FCR. Our approach 
assumes that the higher FCR is mainly caused by increased energy use for maintenance 
processes, immune response, higher lipid to protein deposition (lower lean percentage) etc. 
and excludes feed spillage and poor feed administration as causes of increased FCR. 
5.2.2 Practical application 
Based on the results in Table 2 and Annex 9, we recommend to base standard diets for 
growing-finishing pigs on requirements for male and female pigs with a mean growth rate of 
850 g/d and FCR of 2.6 EW/kg of gain. 
- Grower diet (25-45 kg BW): 2.8 g STTD-P and 7.6 g Ca/EW (4.4 g STTD-Ca/EW) 
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- Early finisher diet (45-70 kg BW): 2.4 g STTD-P and 6.5 g Ca/EW (3.8 g STTD-Ca/EW) 
- Late finisher diet (70-120 kg BW): 2.0 g STTD-P and 5.6 g Ca/EW (3.3 g STTD-Ca/EW) 
The total Ca content can be reduced if Ca sources with a STTD above 58% are used. Use of 
phytase is recommended for the release of digestible P and Ca. 
These levels are adequate for the majority of pigs in the Netherlands and can be reduced for 
animals with higher FCR, e.g. when raising castrates. The potential reduction is proportional 
to the increase in FCR as illustrated above in paragraph 5.3 (e.g. a 5% increase in FCR 
allows a reduction of Ca and P per EW by 5%).  
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6 Requirements of reproductive sows 
6.1 Introduction 
Phosphorus and calcium requirements of reproductive sows include requirements for 
maintenance, i.e. to replace endogenous losses, for development of foetuses, uterine 
contents, and the mammary gland in gestation, for milk production in lactation and for growth 
and development of the sows. In order to update Ca and P recommendations, we largely 
adopted the factorial approach as described by Jongbloed et al. (2003) using the models for 
gestating and lactating sows as described by Everts et al. (1994, 1995). We verified and 
extended these models with new insights and data when available and appropriate for the 
production level of contemporary commercial sows herds as described in Annex 13. In 
addition, a factorial calculation of calcium requirements has been included. 
6.2 Maintenance 
Maintenance requirements to replace endogenous faecal and urinary P losses have been 
addressed earlier in this report for both growing pigs and sows (Chapter 2). The values 
adopted for growing pigs, i.e. 6 P mg/kg BW for faecal endogenous losses and 1 mg P/kg 
BW for urinary losses are also applied to gestating sows. For lactating sows we adopted a 
value of 9 mg/kg BW for faecal endogenous P losses to account for the high feed intake in 
lactation and the observation that both feed intake and BW influence faecal endogenous 
losses as discussed in Chapter 2 and Bikker et al. (2016). In addition, we assumed a value of 
2 mg/kg BW for urinary endogenous losses of Ca, and 8 mg/kg BW for faecal endogenous 
losses in gestating sows (see Chapter 4). For lactating sows we adopted a value of 12 mg/kg 
BW for faecal endogenous Ca losses, representing an equivalent increase as for 
endogenous P losses in lactation.  
6.3 Gestating sows 
In gestating sows Ca and P are required for development of products of conception, i.e. 
foetuses, placenta and fluids and the mammary gland. These are addressed in this 
paragraph. 
6.3.1 Retention in foetuses 
The development in weight and composition of foetuses, other uterine contents and the 
mammary gland are largely based on Noblet et al. (1985) and Den Hartog et al. (1988). For 
P-retention in foetal tissue Jongbloed et al. (2003) based their calculation largely on the 
serial slaughter study and mineral analysis of foetuses by Den Hartog et al. (1988). The total 
P retention was as described in the next equation: 
(S1) Ln Pfoetus (g) = 4.591 - 6.389 e(-0.02398×(d-45) + 0.0897 × LS 
With: 
Pfoetus = the total amount of P in the foetuses;  
d = day in gestation;  
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LS = litter size.  
The number of studies in which the P and Ca content in products of conception during 
gestation has been determined by serial slaughter of sows is very limited. A dataset including 
both older and more recent studies in which P content in foetuses was determined (Figure 7, 
left panel) illustrates that the equation based on data of Den Hartog adequately represents 
the available data in this respect. Nonetheless, the total P content at birth varies substantially 
between studies. Therefore, in agreement with Jongbloed et al. (2003), for practical 
application equation S1 is corrected to actual litter birthweight (from Annex 13) and to the 
actual P-content in new born piglets. The estimate of P content in newborn piglets has been 
updated using the available studies as summarised in Annex 10. From these studies we 
derived a mean content of 5.97 g P and 10.50 g Ca per kg BW. The correction is made by 
multiplication of equation S1 on each day of gestation by the ratio between actual and 
predicted P mass at birth (d 115). The actual P mass is calculated as litter birth weight × 
mean P content (5.97 g/kg) and the predicted P mass as the outcome of equation S1 on d 
115. 
 
Figure 7.  Development of total P per foetus during gestation according to the equation 
based on results of Den Hartog et al. (1988) and as observed in other studies (Mitchell, 
1931; Pomeroy, 1960; Becker et al., 1979; and Mahan et al., 2009) (left panel) and linear 
increase in Ca and P content expressed per kg fresh body mass, and resulting Ca/P ratio, as 
derived from the same studies (right panel). 
In order to also address the foetal Ca retention, an alternative approach was used. The data 
from studies in Figure 6 were used to derive the relationships between day of gestation (d) 
and P and Ca content per kg body weight of growing foetuses. The results were expressed in 
the equations below and in Figure 6 (right panel): 
(S2) Pfoetus (g/kg) = 0.0565 × d – 0.736 (R2 = 0.839) 
(S3) Cafoetus (g/kg) = 0.1244 × d – 4.039 (R2 = 0.887) 
These equations allow more flexibility than equation S1 as they can be combined with any 
description of the development of BW of piglets in the uterus, even when derived from 
studies in which the mineral content of foetuses has not been determined. In addition, this 
approach allows an estimation of the retention of Ca. As illustrated in Figure 7, the Ca/P ratio 
in foetal tissue increases during the gestation from less than 1 to approximately 1.75 in 
neonatal pigs.  
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We adopted the development of total foetal BW as described with the following equation 
derived from Noblet et al. (1985). This equation was also used by Everts et al. (1994) in the 
model for gestating sows: 
(S4) Ln litter weight (g) = 8.7296 - 4.0747 e(-0.03318*(d-45))+0.00154×30×d+0.0677*LS 
In this equation, the factor “30” represents the mean metabolisable energy intake (ME in 
MJ/d) in gestation. Since birth weight of piglets is relatively independent of feeding level, 
provided that sows receive an adequate amount of feed, a fixed value of 30 was used. The 
result of equation S4 is multiplied by the ratio between actual litter birth weight (e.g. as 
described in Annex 13) and predicted litter weight at birth (the value of S4 on d = 115) to 
correct for actual birth weight. The results of combining the equations S2 and S4 closely 
resemble the development of total P content in foetuses based on equation S1, both 
corrected to actual birth weight and P contents (Figure 8).  
 
 
Figure 8.  Development of total litter phosphorus (P) during gestation based on equation 
S1 from Den Hartog et al. (1988) (left) and development of total litter P and calcium (Ca) 
based on the P and Ca content (g/kg BW) in equation S2 and S3 and development of body 
weight in equation S4 from Noblet et al. (1985) (left and right panel). Results were scaled to 
actual birth weight and Ca and P content in neonatal pigs. 
In summary, to calculate Ca and P retention in the foetuses we used the litter development 
during gestation as described by Noblet et al. (1985)(equation S4), the Ca and P content per 
kg BW (equation S2 and S3) as derived from the studies included in Figure 6 and we scaled 
the results during gestation on the basis of mean Ca and P content in piglets at birth and 
actual litter birth weight from Annex 13. Actual litter birth weight can also be defined by the 
end-user. In formulas: 
(S5) Pfoetus (g) = eequation S4 × equation S2/1000 × actual/predicted litter weight d115 × 
5.97/predicted P-content d115 
(S6) Cafoetus (g) = eequation S4 × equation S3/1000 × actual/predicted litter weight d115 × 
10.5/predicted Ca-content d115 
In which predicted litter birth weight is the value of equation S4 on d115, actual litter birth 
weight taken from Annex 13 (defined by the user), 5.97 and 10.50 as the mean P and Ca 
content of newborn piglets and predicted P and Ca content at birth as the value of equation 
S2 and S3 on d115. 
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6.3.2 Retention in other uterine tissues and mammary gland 
Because of the scarcity of information on the development of P retained in the uterus, the 
placenta and the mammary gland, Jongbloed et al. (2003) related the P content to the 
protein content of these tissues, using a ratio of 60 g P/kg N as reported for muscle tissue 
(Jongbloed, 1987). We largely adopted this approach and assumed a Ca:N ratio in soft 
tissue of 4 g Ca/kg N (Moinizadeh, 1973; Nielsen, 1973; Jongbloed, 1987). However, the 
study of McPherson et al. (2004) indicates that the mineral (ash) content in the placenta is 
relatively high (102 g/kg DM), which agrees with observations of Beyer et al. (1994) of 118 
g/kg DM and Mitchell et al. (1931) of 143 g/kg DM. Mitchell et al. (1931) and Lenkeit (1957) 
also included measurements of Ca, P and N in the placenta. Based on the combination of 
these results, we adopted a ratio of 100 g P and 80 g Ca/kg N for placental tissue. From 
results of Lenkeit (1957) we adopted a ratio of 20 g P and 100 g Ca/kg N for uterine fluids.  
The protein in the placenta and uterine fluids was described in the equations derived from 
Noblet et al. (1985): 
(S7) Ln Prplacenta (kJ) = 7.3426 – 1.4060 e(-0.0625×(d-45)) + 0.000253×30×d + 0.06339 × LS  
(S8) Ln Prfluids (kJ) = 2.3954 + 0.09807×d – 0.000541×d2 + 0.08734 × LS  
NRC (2012) included recent results of McPherson et al. (2004) and others and derived an 
equation for the sum of N in placenta and uterine fluids. Comparison with the equations 
above for a litter size of 12 pigs did not show any major differences, apart from a steeper 
increase in the curve described by NRC (2012)(Annex 11). In contrast to Noblet et al. (1985), 
NRC (2012) did not include litter size in the equation but corrected the weight of the placenta 
and uterine fluid for actual versus predicted litter weight at birth. Indeed, a positive correlation 
between placental weight and birth weight is supported by results of Leenhouwers et al. 
(2002) and Van Rens et al. (2006), therefore we included this correction for weight of 
placenta and fluids by multiplying equation S7 and S8 with the ratio between actual litter 
weight (taken from Annex 13) and predicted litter weight (value of equation S4 on d 115) at 
birth.  
(S7a) P in placenta (g) = (eequation S5/(23.8 × 6.25 × 1000)) × 100 × (actual/predicted litter 
birth weight) 
(S7b) Ca in placenta (g) = (eequation S5/(23.8 × 6.25 × 1000)) × 80 × (actual/predicted litter 
birth weight) 
with 23.8 × 6.25 × 1000 to calculate kg N from kJ protein, 100 and 80 as g P and Ca per kg 
N, respectively, equation S4 on d 115 for predicted litter birth weight, and actual litter birth 
weight taken from Annex 13. The latter to be defined by the user. 
(S8a) P in fluids (g) = (eequation S6/(23.8 × 6.25 × 1000)) × 20 × (actual/predicted litter birth 
weight) 
(S8b) Ca in fluids (g) = (eequation S6/(23.8 × 6.25 × 1000)) × 100 × (actual/predicted litter birth 
weight) 
with 20 and 100 as g P and Ca per kg N, respectively. 
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In Jongbloed et al. (2003) protein retention in mammary tissue was described by the 
equation derived from Noblet et al. (1985): 
(S9) Ln Prudder (kJ) = 1.43401 + 3.32153 e(0.00991×(d-45)) + 0.04803×30 
However, comparison with a recent serial slaughter study of Ji et al. (2005, 2006) suggests 
that the mammary protein content of contemporary sows may be substantially higher than 
predicted by the equation above (Annex 12). Therefore, we adopted the following equation of 
NRC (2012) to describe the protein content in the mammary gland:  
(S10) Ln Prudder (g) = 8.4827-7.1786 e(-0.0153*(d-29.18)) 
In agreement with Jongbloed et al. (2003) a P/N ratio of 60 g/kg was used for P content of 
the mammary gland and we assumed a Ca/N ratio of 4 g Ca/kg N: 
(S10a) P in udder (g) = (eequation S8/(23.8 × 6.25 × 1000)) × 60 
(S10b) Ca in udder (g) = (eequation S8/(23.8 × 6.25 × 1000)) × 4 
The P retention in the empty uterus was not separately addressed but considered as part of 
the maternal gain, in agreement with Everts et al. (1994). 
6.3.3 Maternal mineral retention gain 
Reproductive sows continue to grow, thus depositing maternal soft tissue and bone, during a 
number of parities. CVB (2012) assumed a maternal gain, excluding uterine contents, of 55 
kg in the 1st gestation, decreasing to 35 kg in the 5th gestation (Annex 13). Part of this 
maternal gain is required to replenish mobilised tissue (protein and fat) in the previous 
lactation, the remainder can be regarded as actual gain of the sows to reach mature body 
weight. Everts and Dekker (1991) showed that the maternal P retention depends on the P 
supply in the sow diets. At relatively low and high P diets, the total maternal P-retention in the 
first gestation was 75 and 232 g and the P-content in the maternal body at the end of 
gestation approximately 4.3 and 5.1 g/kg EBW), respectively. This was lower than the P-
content in the rearing gilt (5.57 g/kg EBW) before mating. The P-content after the 3rd lactation 
varied between 5.23 and 5.90 g/kg EBW, depending on the dietary protein and mineral 
content. The Ca/P-ratio in these sows after the 3rd lactation varied between 1.71 and 1.77.  
In order to allow for differences in body weight and body gain of sows of different parities, we 
distinguish between maternal gain required to restore previously mobilised soft tissue and 
real growth of the sow to reach maturity. In replenishment of soft tissue a P:N ratio of 60 g/kg 
is adopted, in real body gain to reach maturity, a P content of 5.5 g/kg empty body gain is 
adopted. Using this approach, it is not necessary to estimate how much maternal protein is 
retained in bone, as in Jongbloed et al. (2003). The replenishment of protein (N) in soft tissue 
in gestation is equal to the adopted mobilisation of body protein in the previous lactation 
(Annex 13). The real growth is calculated as the difference between total maternal gain and 
maternal gain required to restore previously mobilised tissue. The target P content of 5.5 
g/kg EBW is based on results of Everts and Dekker (1991) in which the sows realised a 
mean P-content of 5.5 g/kg EBW after the 3rd lactation. The P content in maternal gain in the 
first gestation was only 4.1 g/kg empty body gain, probably because of the high maternal 
gain in relation to mineral availability, but this was compensated in later parities. An increase 
in P content and Ca/P ratio in the body with increasing parity was also observed in a 
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longitudinal study over 6 parities by Peters et al. (2010). In this study EBW and Ca and P-
content in sows at the end of the lactation increased from 172 kg, 4.7 g P and 7.8 g Ca/kg 
EBW after the 1st lactation to 244 kg with 4.9 g P and 8.8 g Ca/kg EBW after the 6st lactation. 
Hence, the increase in total P content was 5.4 g/kg empty body weight gain. The results of 
these studies indicate some flexibility of the sows to adapt P retention in bone to the dietary 
P-supply and compensate for a marginal supply in earlier parities. 
Evert and Dekker (1991) observed a mean Ca/P ratio of 1.75 in the empty body of sows after 
the 3rd lactation. For the Ca/P ratio in maternal gain to reach maturity (real growth) we 
adopted a value of 1.6 in the 1st gestation and 1.75 in later gestations. The Ca retention in 
previously mobilised maternal soft tissue was based on the Ca:N ratio of 4 g/kg as discussed 
in paragraph 6.3.2. 
6.3.4 Digestibility of calcium in sows 
As discussed in more detail for the growing pigs, the digestibility of Ca and P plays an 
important role and has a major impact on the requirements. As indicated by Jongbloed et al. 
(2003), the observed Ca digestibility in sows varies between about 30 and 55%. For practical 
reasons, Jongbloed et al. (2003) adopted an apparent Ca digestibility of 48%, although this 
was substantially higher than observed in studies in the Netherlands. Lower values were 
reported for Dutch studies compared to studies abroad. In addition, results showed a lower 
Ca and P digestibility in sows compared to growing pigs (Kemme et al., 1997). Indeed, in 
more recent studies the apparent Ca digestibility in gestating and lactating sows did not 
exceed 40% (Jongbloed et al., 2013, Bikker et al., 2017 in prep.). In line with Jongbloed et al. 
(2003), we adopted a standardised total tract digestibility of Ca of 50% (similar to 48% ATTD 
of Ca) to minimise the negative effects of high Ca in sow diets. We emphasize that this is at 
the higher end of results of digestibility studies. More quantitative insight in factors causing 
this variation is needed to allow avoiding over- or undersupply of minerals.  
Similar to growing pigs, the use of microbial phytase would allow a reduction of total dietary 
Ca and P content and is recommended in sows as well. However, the amount of digestible P, 
and even more digestible Ca, generated by microbial phytase may depend on the 
physiological state of the pig. The effect of phytase inclusion on Ca digestibility in sows 
varies between studies with no effect in gestation (d60 and d100) and lactation (Kemme et 
al. 1997a), a positive effect in lactation (Kemme et al. 1997b), a positive effect in late 
gestation (d100) but not in mid gestation (d70) and lactation (Jongbloed et al. 2013) and a 
positive effect in lactation (Wealleans et al., 2015). Overall, the use of one value for the 
liberation of Ca and P by phytase, irrespective the physiological state of the pig can be 
questioned and may result in a suboptimal mineral supply during gestation. We recommend 
to discuss the efficacy of phytase in gestation and lactation with the supplier of the product. If 
no specific information is available for practical application, we suggest to use a contribution 
of microbial phytase of 0.4 and 0.8 g digestible Ca per 1 g of digestible P in diets for 
gestating and lactating sows, respectively.  
6.3.5 Summary of calculated Ca and P requirements 
In summary, the Ca and P requirements for retention in the foetuses, placenta, fluids and 
mammary gland were based on the relation to the protein retention according to equation 
S6a,b, S7a,b, S8a,b and S10a,b, respectively. Phosphorus and Ca in replenishment of 
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previously mobilised maternal tissue were calculated using the ratio of P:N and Ca:N of 60 
and 4 g/kg, respectively. P-retention in real maternal growth was estimated as 5.5 g/kg EBW 
with a Ca:P ratio of 1.6 in 1st gestation and 1.75 in later gestations.  
The results of the calculations based on the equations described above and the description 
of sows in Annex 13 are included in detail in Annex 14 for gestating sows of parity 1 to 5. The 
STTD P and STTD-Ca requirements include basal endogenous losses in the digestive tract. 
Calcium requirements are also included as total Ca assuming a STTD of dietary Ca in 
gestating sows of 50%. The P requirements in g/d and g/EW increase gradually until day 63 
of gestation and more rapidly thereafter because of the rapid increase in foetal growth and 
mineral content (Figure 9). The requirements for maternal growth (real gain) are higher in 
parity 1 sows, whereas P retention in foetuses is higher in multiparous sows because of the 
higher litter birth weight. In addition, the endogenous P losses increase, due to higher BW of 
the sows. The net result is a decrease of the P requirements per day and per EW with 
increasing parity (Figure 9 and Annex 14).  
The calculated P-requirements are somewhat higher, approximately 0.5 g/d in young sows 
up to 0.8 g/d in late gestating multiparous sows than in Jongbloed et al. (2003). This is the 
result of combined effects of a higher BW of the sows, slightly higher maternal retention, 
greater litter size and adoption of an efficiency of utilisation of absorbed P of 98%. Especially 
the higher P retention in foetuses causes a higher daily P requirement in late gestation. The 
differences in P retention in soft tissues due to some revised assumptions only play a minor 
role. Mean differences in calculated P-requirements per EW between Jongbloed et al. (2003) 
and this study are relatively small, 0.1-0.2 g/EW higher. The calculated Ca requirements 
based on a factorial calculation differ more substantially from Jongbloed et al. (2003) who 
adopted a constant Ca:dP ratio of 3.3 in parity 1-3 sows and 3.5 in higher parities. In the 
present study, the calculated required dietary Ca/dP ratio increase during gestation because 
of the high Ca/P ratio in foetal piglets. e.g. from 3.15 to 3.30 in parity 1 and from 2.8 to 3.2 in 
parity 5. The mean Ca/dP ratio in gestation is approximately 3.15 in parity 1 and 2.8-2.9 in 
multiparous sows. Hence, overall the Ca requirement are somewhat lower than in Jongbloed 
et al. (2003). 
 
 
Figure 9.  Standardised digestible P requirements for maintenance, i.e. to replace 
endogenous losses in faeces and urine, and for retention in maternal and foetal tissues 
during the 1st and 5th parity in gestating sows. 
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6.3.6 Practical application 
The increase in Ca and P requirements per day and per EW during gestation may suggest 
that the diet composition should follow this increase to avoid mineral losses in early gestation 
and reduced performance in late gestation. However, studies in growing pigs indicate that 
(soft) tissue deposition and bone mineralisation are to some extent independent processes 
and that pigs have a certain flexibility to adapt bone mineralisation to the actual Ca and P 
supply in the diet (e.g. Bikker et al., 2013; Letourneau-Montminy et al., 2014). When sows 
are fed above calculated mineral requirements in early gestation, it is most likely that at least 
part of the “oversupplied” minerals is used for bone mineralisation. When minerals are 
supplied marginally below the calculated requirements, this is most likely compensated by a 
lower bone mineralisation of sows, without loss in foetal growth. Hence, it seems likely that 
sows can be supplied with a diet with slightly lower Ca and P per EW than the values 
calculated as required in late gestation, provided that the diet is always adequate for 
maintenance and retention in uterine tissues including the development of foetuses. Over the 
complete gestation, the diet should be adequate to allow the required maternal gain and 
bone mineralisation.  
For practical application we recommend for the diet of gestating sows: 
Period STTP-P, g/EW STTP-Ca, g/EW Ca, g/EW 
Sows until d. 70 of gestation 1.8 2.7 5.4 
Sows from d. 70 of gestation 2.4 3.9 7.8 
Complete gestation 2.2 3.5 7.0 
6.4 Lactating sows 
6.4.1 Calcium and phosphorus output in milk 
The Ca and P requirements of lactating sows are largely determined by the milk production 
and output of Ca and P in milk, in addition to the maintenance requirements. Jongbloed et al. 
(2003) based the estimation of the P-output in milk on the requirements for maintenance (7 
mg/kg BW) and tissue deposition in suckling pigs, and a digestibility of P in milk of 91%. 
Phosphorus output in milk was based on P retention in suckling piglets.  
In order to determine Ca and P output in milk, we compared two methods. Adopting the 
approach of Jongbloed et al. (2003) we based P- and Ca output in milk on a content of 5.66 
± 0.63 g P/kg EBW and 8.71±1.58 g Ca/kg EBW in piglets weaned between 21 and 34 days 
of age and a factor of 0.97 for the ratio between EBW and LW (Annex 15). Taking into 
account the P and Ca content in newborn pigs, as discussed in paragraph 6.3.1 (6.0 g P and 
10.5 g Ca/kg BW), the calculated Ca and P content in retained tissue in the suckling period is 
approximately 5.4 and 8.0 g/kg LW, respectively. These results have been included in the 
equations below. 
(S11) Pmilk (g/d) = ((ADG × 5.4 + mean body weight × 0.007) × LS)/(0.91 x 0.98) 
(S12) Camilk (g/d) = ((ADG × 8.0 + mean body weight × 0.010) × LS)/(0.91 x 0.98) 
In which ADG is average daily gain from birth to weaning, LS is litter size, mean number of 
suckling pigs, factors 0.07 and 0.010 represent the endogenous faecal and urinary losses for 
P and Ca, respectively, factor 0.91 is the digestibility of P and Ca in milk, factor 0.98 is the 
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utilisation of P and Ca. Because of a lack of information, the digestibility of P was also used 
for Ca.  
This approach assumes that the nutrient composition in milk, especially the Ca/P ratio, is 
optimal to retain all absorbed P and Ca in body tissue, without urinary losses. As an 
alternative approach and validation, we determined the Ca and P output in milk based on 
litter growth rate, milk production derived from litter growth rate according to Everts et al. 
(1995) and Ca and P-content in milk. Hence, P and Ca output in milk is based on analysis of 
milk composition and an estimate of the daily milk production. In the model of Everts et al. 
(1995) the milk production is based on an estimate of energy required for maintenance, 
protein and lipid retention in the suckling piglets and an estimate of the energy content in 
milk. The energy content in milk of 5.0 MJ/kg in this model is supported by the mean value of 
4.96 MJ/kg in a database of a large number of studies published in literature (Jongbloed et 
al., unpublished data). Based on a review of studies in which milk composition was 
determined in milk from day 3 in lactation onwards, we adopted as mineral contents in milk 
1.46 g P and 2.00 g Ca per kg (Annex 16). The estimates of the two methods were in very 
good agreement for P requirements. The P output in milk based on P retention in piglets 
(equation S11) was somewhat higher in early lactation and somewhat lower in late lactation 
then the estimate based on milk production and composition, but overall the difference was 
small. For example P output in milk was 20.5 and 20.0 g/d for the two methods in a 3rd parity 
sow nursing 14 piglets and a litter growth rate of 3 kg/d (see Annex 13 and 18 for details). 
The estimate for Ca output in milk based on retention in piglets, however, was approximately 
11% higher than based on milk composition. This may suggest that the digestibility we 
adopted for Ca in milk (S12) was not correct and/or the Ca retention in suckling pigs was 
overestimated. In addition, other reasons may contribute to this discrepancy. Since the milk 
composition and Ca:P ratio in milk was based on a large number of studies, we used the 
method based on milk production and composition to calculate the Ca and P output in milk 
and the requirements of the sows. 
6.4.2 Calculation of requirements 
We calculated the requirements for high producing sows described in Annex 13 with 14 
suckling piglets and a litter gain of 2.5 kg/d for parity 1 and 3.0 kg/d for higher parity sows. 
The daily growth rate of piglets and required milk production was based the model of Everts 
et al. (1995) and the Ca and P content of milk as discussed above. The total energy 
requirements of the sow for maintenance and milk production were calculated and corrected 
with the energy available from tissue mobilisation. Based on the weight loss of the lactating 
sows (Annex 13), lean and fat tissue mobilisation were calculated and P in lean tissue (60 
g/kg N) was assumed to be available for milk production. The same approach was used for 
Ca, although the Ca contribution from lean tissue mobilisation is negligible. The results are 
presented on a weekly basis and for the complete lactation. The requirements did not include 
any mobilisation of Ca and P from bone tissue. In order to estimate total Ca requirements we 
assumed a Ca digestibility of 50% as discussed for gestating sows in paragraph 6.3.4. 
Several studies have demonstrated the efficacy of phytase in lactating sows and the use is 
recommended in lactating sows as well as discussed above (see paragraph 6.3.4).  
In Annex 17 the weekly requirements for a 1st parity sows have been presented and in Annex 
18 mean requirements in the lactation in relation to parity of the sow. These results indicate 
that parity of the sow has a limited effect on Ca and P requirements per EW, apart from the 
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effect mediated by body tissue mobilisation. In Table 3 the effects of litter growth rate and 
feed intake and tissue mobilisation are illustrated. Without tissue mobilisation, energy and all 
nutrients need to be ingested via the feed. If the sow is not able to consume this amount of 
feed, body tissue (muscle and fat) is mobilised and provides amino acids, energy and 
minerals. However, the amount of P mobilised from soft tissue is small, thus increasing the 
required amount of P per kg of feed. This effect is even bigger for Ca since Ca content of soft 
tissue is negligible. For example, the mobilisation of 1.5 EW/d in the 2nd parity sows with 3.0 
kg/d litter gain increases the P requirement from 2.34 to 2.66 g/EW. In the calculations and 
recommendations, this effect of tissue mobilisation has been into account. The results in 
Table 3 demonstrate that the effect of litter growth rate (accounting for effects of the number 
of piglets and their weaning weight) on Ca and P requirements is quite substantial on a daily 
basis (g/d), but quite small relative to energy (g/EW). This is caused by a proportional 
increase in both minerals and energy. 
Table 3. Calculated requirements of a 2nd parity sow with 14 suckling piglets, a litter 
gain of 2.5 and 3.0 kg/d, without tissue mobilisation and with tissue mobilisation according to 
assumptions in Annex 13.  
Litter gain, kg/d 2.5   3.0  
BW loss in lactation, kg 22.5 0  22.5 0 
BW sow after farrowing, kg 215 215  215 215 
Energy requirement, EW/d 7.79  7.79   8.84  8.84  
Energy mobilised, EW/d 1.48  0.00   1.48  0.00  
Feed intake, EW/d 6.31  7.79   7.36  8.84  
      
a. P maintenance sow, g/d 2.04  2.15   2.04  2.15  
b. P based on retention in piglets, g/d 15.23  15.23   18.25  18.25  
c. P in milk, g/d 15.37  15.37   18.12  18.12  
d. P from mobilised body tissue, g/d 0.97  0.00   0.97  0.00  
e. STTD-P requirement in total, g/d (= a+b/0.98–d) 16.75  17.83   19.55  20.64  
      
f. Ca maintenance sow, g/d 2.85  3.01   2.85  3.01  
g. Ca in milk, g/d 21.05  21.05   24.82  24.82  
h. Ca mobilised body tissue, g/d 0.06  0.00   0.06  0.00  
i. STTD-Ca requirement in total, g/d (=f+g/0.98-h) 25.01  25.17   28.98  29.14  
      
j. STTD-P req., g/EW intake 2.65  2.29   2.66  2.34  
k. STTD-Ca req., g/EW intake 3.96  3.23   3.94  3.30  
l. STTD-Ca/STTD-P (= i/e) 1.49  1.41   1.48  1.41  
m. Ca requirement, with 50% STTD of Ca (=i/0.50) 50.03  50.34   57.96  58.28  
n. Ca requirement, g/EW intake 7.92  6.46   7.88  6.60  
o. Ca:STTD-P (=m/e) 2.99  2.82   2.96  2.82  
6.5 Discussion and practical application 
A direct comparison of the calculated requirements in this study and in Jongbloed et al. 
(2003) is hampered by differences in assumptions regarding the production level, e.g. body 
weight of sows, litter size and growth rate. Overall results of our calculations and those of 
Jongbloed et al. (2003) are not widely different. In our calculations, the use of a factor of 0.98 
for utilisation of absorbed P, thus accounting for slightly higher losses via the urine, 
contributes to a higher estimate of P requirements whereas the use of a slightly lower value 
for P output in milk reduces the calculated requirements in comparison to Jongbloed et al. 
(2003). The intake capacity of the sows and the realised feed intake have a major effect on 
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the optimal Ca and P content per unit of energy (EW) and need to be taken into account. A 
low feed intake and high tissue mobilisation increases the requirement of Ca and P per unit 
of energy (EW) and the ratio between digestible Ca and P. As a result of the introduction of a 
factorial calculation of the Ca requirements, the Ca/dP ratio varies somewhat between 
parities, feeding and production level. Overall, the optimal ratio is in good agreement with 
Jongbloed et al. (2003). The assumed Ca digestibility (STTD of Ca is 50%) has a major 
influence on the required Ca/EW, whereas the digestible Ca/P ratio (approx. 1.4-1.5) is 
relatively well documented and less variable. Hence, more insight in factors determining the 
variation in Ca digestibility is required. 
For practical application we recommend for the diet of lactating sows: 
Period STTP-P, g/EW STTP-Ca, g/EW Ca, g/EW 
Complete lactation 2.8 4.2 8.4 
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Annex 1 References of studies with growing pigs 
Reference and characteristics of studies included in dataset of growing finishing pigs 
Reference Year Recnr Pigs, n Sex
1 BW, kg EBW, kg Ca, g P, g 
P, 
g/kg 
EBW 
Jongb1 2002 20 6 3 3.8 3.7 28.0 19.5 5.2 
Walz1 1991 37 8 * 5.3 5.2 53.5 27.8 5.3 
Rincker1 2004 45 5 3 5.9 5.7 32.2 22.2 3.9 
Peters1-6 2010 52 32 3 6.8 6.5 42.0 29.8 4.6 
Jongb2 2002 60 6 3 7.0 6.7 56.3 40.4 6.0 
Everts1,2,3,4 1991 61 16 3 7.6 7.2 53.8 35.6 4.9 
Jongb3 2002 62 6 3 7.7 7.2 61.7 45.2 6.2 
Shields2 1983 67 8 3 8.5 8.1 88.3 54.0 6.7 
Rincker2-4 2005 72 24 1 8.7 8.2 61.6 37.7 4.6 
Jongb4 2002 70 6 3 9.2 8.7 70.9 48.6 5.6 
Schöne1 1995 83 4 3 10.4 9.3 87.8 57.0 6.1 
Lüdke1,4 1990 92 23 1 11.3 10.6 105.6 69.6 6.5 
Peet1 1990 84 9 3 11.4 10.8 89.0 57.3 5.3 
Jongb5 2002 89 6 3 11.7 11.0 91.4 59.7 5.4 
Jongb1-H8.4a 1987 110 3 1 16.2 15.4 115.2 70.0 4.5 
Rincker2-6 2004 115 30 3 18.4 17.5 133.1 80.0 4.6 
Joergensen1 1986 127 3 2 20.0 18.6 174.1 109.0 5.9 
Jongb6 2002 135 6 3 20.4 19.8 165.7 111.0 5.6 
Shields3 1983 141 8 3 21.3 20.1 178.5 115.5 5.7 
JongB1 1999 151 4 2 21.6 20.6 151.6 107.0 5.2 
Columbus1 2010 160 12 3 22.3 21.7 * 125.8 5.8 
Walz2,3,4,5 1991 146 32 * 22.4 20.8 198.9 102.6 4.9 
Columbus4 2010 163 12 3 23.0 20.7 * 116.4 5.6 
Columbus3 2010 162 12 3 23.1 20.6 * 123.5 6.0 
Columbus2 2010 161 12 3 23.2 21.1 * 119.5 5.7 
Bikker1 2013 166 6 5 23.5 22.0 192.2 123.5 5.6 
Schulz1 1995 174 15 3 25.0 22.3  117.4 5.3 
Hendriks1 1993 181 5 4 25.7 23.7 204.0 137.0 5.8 
Hendriks2 1993 182 5 2 25.7 23.8 206.0 139.0 5.8 
Jongbloed-H8.2a 1987 187 3 2 26.3 24.8 219.0 139.0 5.6 
Schöne4 1995 198 6 3 29.6 27.5 273.0 145.0 5.3 
Fandrejewski2 1986 206 12 2 30.8 27.8 262.0 159.0 5.7 
Jongbloed-H8.2b 1987 207 4 2 32.7 29.4 253.0 159.1 5.4 
Fandrejewski1 1986 202 11 4 33.0 30.5 288.0 169.0 5.5 
DeWilde2 1992 214 7 3 36.7 34.9 270.0 191.0 5.5 
Shields4 1983 221 8 3 37.1 34.8 281.2 177.6 5.1 
Lüdke3,6,7 1990 225 24 1 38.0 34.9 316.4 195.3 5.6 
Jondreville2C 2004 233 8 1 40.05 38.7 302.5 192.0 5.0 
Jondreville2F 2004 234 8 2 40.75 38.7 303.5 186.0 4.8 
JongB2 1999 254 12 2 46.1 42.7 308.5 213.5 5.0 
Hendriks3 1993 256 3 4 47.0 44.5 334.0 229.0 5.1 
Hendriks4 1993 257 3 2 47.0 42.2 298.0 201.0 4.8 
Jongbloed-H8.2c 1987 262 4 2 48.4 44.0 397.7 248.9 5.7 
Bikker10 2013 287 4 4 49.6 47.7 413.1 261.6 5.5 
Jourquin4 1990 268 6 3 50.0 47.5 * 227.8 4.8 
Jourquin5 1990 269 6 3 50.0 47.5 * 240.6 5.1 
Bikker11 2013 288 4 2 52.1 50.7 419.4 269.0 5.3 
Bikker8 2013 284 3 4 52.1 50.2 356.7 241.7 4.8 
Bikker9 2013 285 3 2 52.4 51.1 395.6 268.8 5.3 
Shields5 1983 275 8 3 55.8 53.5 418.1 273.2 5.1 
Jondreville3F 2004 293 8 2 58.85 56.7 410.5 281.0 5.0 
Jondreville3C 2004 292 8 1 61.1 56.7 421.0 292.0 5.1 
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Reference Year Recnr Pigs, n Sex
1 BW, kg EBW, kg Ca, g P, g 
P, 
g/kg 
EBW 
Hendriks6 1993 306 3 2 65.3 61.8 501.0 334.0 5.4 
Hendriks5 1993 305 2 4 65.7 63.2 525.0 351.0 5.6 
Shields6 1983 326 8 3 75.8 72.1 483.2 318.6 4.4 
Jondreville4F 2004 338 8 2 78.15 75.4 580.0 384.0 5.1 
Jondreville4C 2004 337 8 1 79.75 75.4 564.5 367.5 4.9 
Schulz8 1995 331 7 3 81.4 76.9 * 393.7 5.1 
Bikker18 2013 344 3 4 81.7 79.6 606.8 402.9 5.1 
Bikker19 2013 345 3 2 82.0 79.4 587.9 396.4 5.0 
Schulz9 1995 332 7 3 82.0 77.0 * 409.6 5.3 
Bikker21 2013 348 4 2 82.3 79.5 676.3 426.8 5.4 
Bikker20 2013 347 4 4 83.6 81.3 777.3 471.6 5.8 
JongB3 1999 336 12 2 84.5 81.1 575.7 387.5 4.8 
Hendriks7 1993 339 3 4 84.9 82.3 615.0 412.0 5.0 
Hendriks8 1993 340 3 2 84.9 82.0 581.0 383.0 4.7 
Joergensen2 1986 365 18 2 88.4 83.7 739.5 473.6 5.7 
Just7-12 1985 388/393 36 6 88.90 84.10 738.4 481.1 5.7 
Just1-6 1985 382/377 36 6 89.6 84.8 735.3 478.8 5.6 
Shields7 1983 402 8 3 90.1 86.8 596.8 383.7 4.4 
Fandrejewski3 1986 360 23 4 92.5 87.2 895.5 511.0 5.9 
Jourquin8 1990 410 6 3 95.0 90.3 * 505.6 5.6 
Jourquin9 1990 411 6 3 95.0 90.3 * 511.9 5.7 
Fandrejewski4 1986 409 24 4 95.2 90.1 925.3 513.6 5.7 
Fandrejewski5 1986 419 23 2 98.8 93.6 960.3 558.8 6.0 
Jondreville5F 2004 439 8 2 102.5 98.2 799.0 516.5 5.3 
Jongbloed-H8.2e 1987 444 12 1 102.7 96.8 842.5 515.2 5.3 
Fandrejewski6 1986 447 24 2 103.7 97.9 976.1 575.7 5.9 
Pomar5 2006 435 10 1 104.1 99.3 1063.0 537.1 5.4 
Jongb1-H8.4c 1987 450 3 4 104.3 94.9 726.8 461.5 4.9 
Jongb1-H8.4d 1987 451 4 4 104.6 95.3 860.8 531.7 5.6 
JongB4 1999 448 8 2 104.7 100.7 815.6 528.0 5.2 
Jongb1-H8.4b 1987 449 4 4 105.1 94.8 750.0 481.8 5.1 
Schulz2 1995 455 8 3 105.1 100.1 861.8 542.5 5.4 
Schulz3 1995 456 7 3 105.1 100.0 872.6 535.6 5.4 
Jondreville5C 2004 438 8 1 106 98.2 735.5 472.5 4.8 
Pomar4 2006 434 9 1 106.2 101.2 1010.0 510.2 5.0 
Jongb1-H8.4e 1987 452 4 4 106.4 94.9 721.3 466.9 4.9 
Shields8 1983 457 8 3 106.8 101.6 738.3 462.3 4.6 
VanKrimpen1 2008 473 6 3 107.1 101.7 * 555.0 5.5 
Hendriks10 1993 463 4 2 108.7 106.3 819.0 494.0 4.6 
Hendriks9 1993 462 4 4 108.7 106.0 756.0 471.0 4.4 
VanKrimpen2 2008 474 6 3 114.7 109.0 * 502.6 4.6 
VanKrimpen1 2008 475 14 3 115.6 109.8 * 596.1 5.4 
VanKrimpen2 2008 476 10 3 116.9 111.1 * 561.9 5.1 
Jondreville6F 2004 488 8 2 118 115.0 1017.0 658.5 5.7 
Jondreville6C 2004 487 8 1 122 115.0 988.5 618.5 5.4 
Bikker29 2013 497 4 2 124.8 121.2 1036.0 638.6 5.3 
Bikker30 2013 499 4 4 125.3 122.5 1127.1 698.3 5.7 
Bikker31 2013 500 4 2 126.0 122.2 1148.6 685.5 5.6 
Bikker28 2013 496 4 4 126.1 122.3 1055.0 647.9 5.3 
Shields9 1983 490 8 3 127.4 124.1 878.5 537.2 4.3 
Jondreville7F 2004 503 8 2 133.5 126.0 1082.0 728.5 5.8 
Jondreville7C 2004 502 8 1 134 126.0 1060.5 697.0 5.5 
Sex 1 = castrate, 2 = female, 3= castrate and female, 4 = male, 5 = male and female 
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Annex 2 Characteristics of studies with growing pigs 
Summary of characteristics of studies published since 1985 in which P content in the empty 
was determined, and the same dataset after exclusion of studies with dietary P-supply below 
CVB recommendations. 
 
Descriptive statistics of the dataset of growing-finishing pigs with all publications since 1985 
 N Min  Max  mean median SD 
BW, kg 130 3.8 134 63.9 60.0 38.9 
EBW, % 130 89.2 98.3 94.4 94.8 2.10 
CP, g/kg EBW 113 126 199 160.1 161.5 12.8 
Fat, g/kg EBW 108 65.0 394.8 168.1 155.4 62.3 
Ash, g/kg EBW 109 18.8 36.8 28.6 29.3 3.95 
Ca, g/kg EBW 109 4.32 10.90 7.80 7.84 1.48 
P, g/kg EBW 130 3.21 6.67 5.05 5.15 0.69 
Ca/P 109 1.18 1.98 1.54 1.54 0.15 
 
Descriptive statistics of the dataset of growing-finishing pigs with publications since 1985, 
used for analysis of body P and Ca content in relation to empty body weight in the present 
study1). 
 N Min  Max  mean median SD 
BW, kg 104 3.8 134 64.3 63.2 40.0 
EBW, % 104 89.2 98.3 94.6 95.0 2.21 
CP, g/kg EBW 92 135 199 162.8 164.0 10.7 
Fat, g/kg EBW 87 65.0 394.8 167.6 153.2 63.0 
Ash, g/kg EBW 89 23.1 36.8 29.9 29.9 2.94 
Ca, g/kg EBW 89 5.69 10.90 8.34 8.31 1.03 
P, g/kg EBW 104 3.92 6.67 5.32 5.32 0.48 
Ca/P 90 1.37 1.98 1.58 1.56 0.12 
1) The series of three studies of Ketaren et al. (1993a,b,c) was not included since the body P content 
was expressed in dry matter whereas dry matter content itself was not provided. The extensive 
dataset of Wiseman et al. (2009) was not included since the calculated digestible P content of the 
diets was increasingly below the CVB-recommendations, which may explain the P content at a BW of 
20 to 125 kg being consistently less than 4 g P/kg EBW. The extensive dataset of Pettey et al. (2004, 
2015) was excluded since the diets were marginal according to CVB standards. This was 
substantiated by the low Ca/P ratio in the empty body (1.2-1.4) as an indication of a low dietary Ca or 
P supply. 
  
53 
 
Annex 3 Year of publication and P and Ca content 
Relationship between year of publication and P and Ca content in the empty body of growing 
pigs determined in the dataset of studies published since 1985. 
  
  
Relationship between year of publication, relative to 1985 and phosphorus (P) and calcium 
(Ca) content in the empty body (g/kg EBW). The upper panel includes the complete dataset, 
whereas in the lower panel the data of Fandrejewsky et al. (1986) and Just et al. (1985) have 
been removed. The relationships in the upper and lower panel, respectively, were: 
P = 5.40±0.076 – 0.0069±0.0050 X (P=0.165) and Ca = 8.77±0.17 – 0.031±0.0115 X 
(P=0.009) 
P = 5.25±0.088 – 0.00063±0.0054 X (P=0.907) and Ca = 8.37±0.19 – 0.011±0.0119 X 
(P=0.364)  
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Annex 4 Prediction equations for body P and Ca 
Linear, quadratic and logistic relationships between P and Ca content (g) and their ratio in 
the empty body of pigs as dependent variables and the empty body weight (EBW, kg), or 
body nitrogen mass (N, kg) as independent variables in the dataset of studies published 
since 1985. In addition relationships between EBW and live weight (LW) are included. 
N Y X Int. P aX P bX2 P R2 SE 
104 P, g EBW - - 5.33 
±0.043 
<0.001 - - 97.7 54.1 
   0.48 
±5.84 
0.935 5.32 
±0.081 
<0.001 - - 97.7 54.3 
   - - 5.35 
±0.189 
<0.001 -0.00024 
±0.0019 
0.902 97.7 54.3 
   -0.10 
±8.62 
0.991 5.36 
±0.36 
<0.001 -0.00027 
±0.0029 
0.927 97.6 54.6 
92 P, g N, kg - - 203.2 
±1.73 
<0.001 - - 97.6 55.1 
   0.15 
±6.40 
0.981 203.1 
±3.35 
<0.001 - - 97.6 55.4 
   - - 197.5 
±8.13 
<0.001 2.29 
±3.20 
0.477 97.6 55.2 
   8.17 
±9.66 
0.400 186.2 
±15.6 
<0.001 5.36 
±4.85 
0.272 97.6 55.3 
104 LnP Ln 
EBW 
1.6697 
±0.0388 
<0.001 1.00040 
±0.0099 
<0.001 - - 99.0 0.163 
92 LnP LnN 5.32 
±0.012 
<0.001 0.9873 
±0.0128 
<0.001 - - 98.5 0.196 
89 Ca, g EBW - - 8.57 
±0.105 
<0.001 - - 95.6 124 
   -8.7 
±14.3 
0.546 8.68 
±0.20 
<0.001 - - 95.5 124 
   - - 8.17 
±0.46 
<0.001 0.0043 
±0.0048 
0.378 95.5 124 
   0.60 
±20.4 
0.976 8.15 
±0.84 
<0.001 0.0044 
±0.0069 
0.523 95.5 124 
85 Ca N, kg - - 328.2 
±4.21 
<0.001 - - 95.2 127 
   -11.0 
±15.7 
0.485 333.2 
±8.26 
<0.001 - - 95.1 127 
   - - 292.8 
±19.5 
<0.001 14.5 
±7.80 
0.067 95.3 125 
   21.5 
±22.7 
0.345 263.6 
±36.4 
<0.001 22.5 
±11.5 
0.054 95.3 125 
89 LnCa Ln 
EBW 
2.059 
±0.054 
<0.001 1.0180 
±0.014 
<0.001 - - 98.4 0.22 
84 LnCa LnN 5.78 
±0.015 
<0.001 1.0013 
±0.0157 
<0.001 - - 98.0 0.23 
89 LnCa LnP 0.385 
±0.046 
<0.001 1.0135 
±0.0083 
<0.001 - - 99.4 0.13 
89 Ca/P1) EBW 1.555 
±0.0005 
<0.001 0.00050 
±0.00035 
0.158 - - 1.2 0.22 
   1.569 
±0.036 
<0.001 -0.00026 
±0.0015 
0.861 0.0000064 
±0.0000121 
0.598 0.3 0.22 
104 EBW LW - - 0.950 
±0.0017 
<0.001 - - 99.9 2.24 
   -0.418 
±0.240 
0.085 0.955 
±0032 
<0.001 - - 99.9 2.22 
   - - 0.934 
±0.0073 
<0.001 0.000162 
±0.000072 
0.027 99.9 2.20 
   -0.056 
±0.35 
0.875 0.936 
±0.0139 
<0.001 0.000149 
±0.000108 
0.168 99.9 2.21 
1) No added value using N (in kg) as independent variable  
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Annex 5 Residual plots for prediction of body P mass  
 
  
 
  
Fitted regression line and confidence interval (left panels) and standardised residuals (right 
panels) for the relationship between body P mass with EBW (top panels) and body N mass 
(lower panels) as independent variables. 
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Annex 6 Residual plots for prediction of LN body P mass 
  
 
   
 
Fitted regression line and confidence interval (left panels) and standardised residuals (right 
panels) for the relationship between LN body P mass with LN EBW (top panels) and LN body 
N mass (lower panels) as independent variable. 
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Annex 7 P and Ca retention in growing pigs 
Phosphorus and calcium retention in growing pigs, expressed per kg live weight gain (LWG) 
 Jongbloed et 
al. (2003) 
 Dataset ≥1985  Dataset ≥1985, 
simplified 
LW, kg P Ca  P1) Ca2)  P3) Ca4) 
5 5.05 7.66  4.97 7.67  5.05 7.83 
10 5.06 7.87  4.97 7.77  5.05 7.83 
15 5.07 8.00  4.98 7.83  5.05 7.83 
20 5.08 8.09  4.98 7.88  5.05 7.83 
25 5.09 8.16  4.99 7.92  5.05 7.83 
30 5.10 8.23  4.99 7.95  5.05 7.83 
35 5.10 8.28  5.00 7.98  5.05 7.83 
40 5.11 8.33  5.00 8.01  5.05 7.83 
45 5.11 8.37  5.01 8.03  5.05 8.09 
50 5.12 8.41  5.01 8.06  5.05 8.09 
55 5.12 8.44  5.02 8.08  5.05 8.09 
60 5.13 8.48  5.02 8.10  5.05 8.09 
65 5.13 8.51  5.03 8.11  5.05 8.09 
70 5.13 8.54  5.03 8.13  5.05 8.09 
75 5.14 8.56  5.03 8.15  5.05 8.09 
80 5.14 8.59  5.04 8.17  5.05 8.09 
85 5.15 8.61  5.04 8.18  5.05 8.09 
90 5.15 8.64  5.05 8.20  5.05 8.09 
95 5.15 8.66  5.05 8.21  5.05 8.09 
100 5.16 8.68  5.06 8.23  5.05 8.09 
105 5.16 8.70  5.06 8.24  5.05 8.09 
110 5.16 8.72  5.07 8.26  5.05 8.09 
115 5.17 8.74  5.07 8.27  5.05 8.09 
120    5.07 8.28  5.05 8.09 
125    5.08 8.30  5.05 8.09 
130    5.08 8.31  5.05 8.09 
135    5.09 8.32  5.05 8.09 
1) Based on equation 3 and 6 in this report. P (g/kg LWG) = e1.67×1.0004×EBW0.0004×EBW/LW with 
EBW= 0.9338×LW+0.000162×LW2  
2) Based on equation 4 and 6 in this report. Ca (g/kg LWG) = e2.059×1.018×EBW0.018×EBW/LW with 
EBW= 0.9338×LW+0.000162×LW2  
3) P (g/kg LWG) = 5.32×0.95 
4) Ca (g/kg LWG) = 1.55×P = 1.55×5.32×0.95 for LW<45 kg and 1.60×5.32×0.95 for LW≥45 kg. 
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Annex 8 Ca and P required in weaned pigs 
Calculated requirements of standardised total tract digestible (STTD) phosphorus (dP) and 
STTD and total calcium in weaned pigs (dCa en Ca, respectively). The results are based on 
feed intake and growth performance derived from results in experiments conducted at VIC 
Sterksel, swine research centre of Wageningen UR. Feed intake (FI), live weight (LW), daily 
gain (LWG) and energy conversion ratio (EWC) are calculated on a daily basis in weekly 
periods after weaning. 
Day FL, 
×M 
ADG, 
g/d 
BW, 
kg 
FI, 
EW/d 
FCR, 
EW/kg 
dP1), 
g/d 
dP2), 
g/d 
dCa1), 
g/d 
dCa2), 
g/d 
dP1), 
g/EW 
Ca1,3), 
g/EW 
1 0.91 101 7.60 0.142 1.41 0.57 0.57 0.87 0.88 3.98 10.24 
2 1.06 122 7.72 0.168 1.38 0.67 0.68 1.04 1.05 4.00 10.30 
3 1.21 142 7.86 0.194 1.36 0.78 0.79 1.20 1.21 4.00 10.32 
4 1.35 162 8.03 0.220 1.36 0.88 0.89 1.36 1.38 4.00 10.31 
5 1.49 183 8.21 0.247 1.35 0.98 1.00 1.52 1.54 3.98 10.28 
6 1.63 202 8.41 0.274 1.36 1.09 1.10 1.68 1.70 3.96 10.23 
7 1.76 222 8.63 0.302 1.36 1.19 1.21 1.84 1.86 3.93 10.16 
8 1.88 242 8.88 0.331 1.37 1.29 1.31 2.00 2.02 3.90 10.08 
9 2.00 261 9.14 0.360 1.38 1.39 1.41 2.16 2.18 3.86 10.00 
10 2.12 280 9.42 0.389 1.39 1.49 1.51 2.31 2.33 3.82 9.90 
11 2.23 299 9.72 0.419 1.40 1.59 1.61 2.47 2.49 3.78 9.80 
12 2.34 318 10.03 0.450 1.42 1.68 1.71 2.62 2.64 3.74 9.70 
13 2.44 336 10.37 0.482 1.43 1.78 1.81 2.77 2.79 3.69 9.59 
14 2.54 354 10.72 0.514 1.45 1.88 1.90 2.92 2.94 3.65 9.48 
15 2.63 373 11.10 0.546 1.47 1.97 2.00 3.07 3.09 3.60 9.37 
16 2.72 390 11.49 0.580 1.48 2.06 2.09 3.22 3.24 3.56 9.26 
17 2.81 408 11.89 0.614 1.50 2.16 2.19 3.37 3.38 3.52 9.15 
18 2.88 426 12.32 0.648 1.52 2.25 2.28 3.51 3.53 3.47 9.04 
19 2.96 443 12.76 0.682 1.54 2.34 2.37 3.66 3.67 3.43 8.93 
20 3.03 460 13.22 0.717 1.56 2.43 2.46 3.80 3.81 3.39 8.83 
21 3.10 477 13.70 0.753 1.58 2.52 2.56 3.94 3.95 3.35 8.73 
22 3.16 494 14.19 0.788 1.60 2.61 2.64 4.08 4.09 3.31 8.64 
23 3.21 510 14.70 0.824 1.62 2.70 2.73 4.22 4.22 3.27 8.55 
24 3.27 526 15.23 0.860 1.63 2.78 2.82 4.36 4.36 3.24 8.46 
25 3.31 543 15.77 0.895 1.65 2.87 2.91 4.50 4.49 3.20 8.38 
26 3.36 558 16.33 0.931 1.67 2.95 2.99 4.64 4.63 3.17 8.30 
27 3.39 574 16.91 0.966 1.68 3.04 3.08 4.77 4.76 3.14 8.23 
28 3.43 590 17.49 1.001 1.70 3.12 3.16 4.90 4.89 3.12 8.17 
29 3.46 605 18.10 1.035 1.71 3.20 3.25 5.04 5.02 3.09 8.11 
30 3.48 620 18.72 1.069 1.72 3.29 3.33 5.17 5.14 3.07 8.05 
31 3.50 635 19.35 1.103 1.74 3.37 3.41 5.30 5.27 3.05 8.01 
32 3.51 650 20.00 1.135 1.75 3.45 3.49 5.43 5.39 3.04 7.97 
33 3.53 664 20.67 1.167 1.76 3.52 3.57 5.55 5.52 3.02 7.93 
34 3.53 678 21.35 1.197 1.77 3.60 3.65 5.68 5.64 3.01 7.90 
35 3.53 693 22.04 1.227 1.77 3.68 3.73 5.80 5.76 3.00 7.88 
36 3.53 706 22.75 1.256 1.78 3.76 3.80 5.93 5.87 2.99 7.86 
37 3.53 720 23.47 1.286 1.79 3.83 3.88 6.05 5.99 2.98 7.84 
38 3.53 734 24.20 1.316 1.79 3.91 3.95 6.17 6.11 2.97 7.81 
39 3.53 747 24.95 1.346 1.80 3.98 4.03 6.29 6.22 2.96 7.78 
40 3.53 760 25.71 1.377 1.81 4.05 4.10 6.40 6.33 2.94 7.75 
41 3.53 773 26.48 1.408 1.82 4.12 4.17 6.52 6.44 2.93 7.72 
42 3.53 786 27.26 1.439 1.83 4.19 4.24 6.64 6.55 2.91 7.68 
1) dP and dCa (g/d and g/EW) using allometric relationships derived in the report (see also Annex 7).  
dP (g/d) = (e1.67×1.0004×EBW0.0004×EBW/LW)×LWG (in kg/d)/0.98 + 0.007×LW 
dCa (g/d) = (e2.059×1.018×EBW0.018×EBW/LW)×LWG (in kg/d)/0.98 + 0.010×LW 
2) dP and dCa in g/d calculated using simplified relationships derived in the report (see also Annex 7) 
dP (g/d) = 5.32×0.95×LWG (in kg/d)/0.98 + 0.007×LW 
dCa (g/d) = 1.55×5.32×0.95×LWG (in kg/d)/0.98 + 0.010×LW 
3) Total Ca/EW derived from dCa using 60% standardised total tract digestibility of dietary Ca.  
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Annex 9 Ca and P in growing finishing pigs 
Requirements of standardised total tract digestible phosphorus (dP), calcium (dCa) and total 
calcium in growing finishing pigs, calculated using the TMV model (Technisch Model 
Varkensvoeding). The results are based on the mean feed intake, body weight (BW), 
average daily gain (ADG) and feed conversion ratio (FCR) in weekly periods after weaning 
for intact male pigs (Table I), castrated male pigs (Table II) and female pigs (Table III). 
 
Table I.  Calculated requirements of intact male pigs 
Wk Day 
FI, 
EW/d 
BW, 
kg 
ADG, 
g/d 
FCR, 
EW/ 
kg 
Ca/P 
in 
gain 
dP1), 
g/d 
dCa1), 
g/d 
dCa/
dP 
dP/ 
EW 
dCa
/EW 
Ca/
dP2) 
Ca/ 
EW2) 
1  1 1.05 24.0 606 1.73 1.59 3.31 5.22 1.58 3.15 4.97 2.66 8.38 
2  8 1.25 28.2 693 1.80 1.59 3.79 6.00 1.58 3.03 4.80 2.66 8.07 
3  15 1.5 33.1 779 1.93 1.60 4.27 6.77 1.59 2.85 4.51 2.66 7.57 
4  22 1.7 38.5 845 2.01 1.60 4.65 7.39 1.59 2.74 4.35 2.66 7.27 
5  29 1.9 44.5 877 2.17 1.60 4.86 7.73 1.59 2.56 4.07 2.74 6.99 
6  36 2.05 50.6 890 2.30 1.61 4.97 7.92 1.59 2.42 3.86 2.74 6.63 
7  43 2.15 56.8 892 2.41 1.61 5.02 8.01 1.60 2.34 3.73 2.73 6.38 
8  50 2.25 63.1 898 2.50 1.61 5.10 8.14 1.60 2.27 3.62 2.73 6.19 
9  57 2.35 69.4 907 2.59 1.62 5.19 8.29 1.60 2.21 3.53 2.73 6.02 
10  64 2.45 75.7 918 2.67 1.62 5.29 8.46 1.60 2.16 3.45 2.73 5.89 
11  71 2.55 82.1 921 2.77 1.62 5.35 8.56 1.60 2.10 3.36 2.73 5.72 
12  78 2.6 88.6 915 2.84 1.62 5.36 8.58 1.60 2.06 3.30 2.72 5.61 
13  85 2.65 95.0 902 2.94 1.63 5.34 8.55 1.60 2.02 3.22 2.72 5.48 
14  92 2.65 101.3 880 3.01 1.63 5.27 8.44 1.60 1.99 3.18 2.72 5.41 
15  99 2.65 107.5 862 3.08 1.63 5.22 8.35 1.60 1.97 3.15 2.71 5.34 
16  106 2.65 113.5 845 3.14 1.63 5.18 8.28 1.60 1.95 3.12 2.71 5.29 
17  113 2.65 119.4 830 3.19 1.63 5.14 8.22 1.60 1.94 3.10 2.71 5.25 
18  120 2.65 125.2 817 3.24 1.63 5.11 8.17 1.60 1.93 3.08 2.71 5.22 
Intact male pigs parametrised from 24 to 116 kg with PDmax 155 g/d, ratio LD/PD 0.04×BW, energetic 
efficiency of protein (PD) and lipid (LD) deposition of 0.55 and 0.75, respectively. According to TMV, 
EBW is calculated as LW×0.95. Total Ca/EW derived from dCa using 58% standardised total tract 
digestibility of dietary Ca. 
1) dP and dCa (g/d and g/EW) using allometric relationships derived in the report (see also Annex 7).  
dP (g/d) = (e1.67×1.0004×EBW0.0004×EBW/LW)×LWG (in kg/d)/0.98 + 0.007×LW 
dCa (g/d) = (e2.059×1.018×EBW0.018×EBW/LW)×LWG (in kg/d)/0.98 + 0.010×LW 
2) Total Ca derived from dCa using 58% standardised total tract digestibility of dietary Ca. 
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Table II.  Calculated requirements of castrated male pigs. 
Wk Day 
FI, 
EW/d 
BW, 
kg 
ADG, 
g/d 
FCR, 
EW/ 
kg 
Ca/P 
in 
gain 
dP1), 
g/d 
dCa1), 
g/d 
dCa/
dP 
dP/ 
EW 
dCa/
EW 
Ca/d
P2) 
Ca/ 
EW2) 
1  1 1.10 24.0 718 1.53 1.59 3.89 6.14 1.58 3.53 5.58 2.66 9.41 
2  8 1.35 29.0 764 1.77 1.59 4.16 6.59 1.58 3.08 4.88 2.66 8.21 
3  15 1.60 34.4 806 1.99 1.60 4.42 7.01 1.59 2.76 4.38 2.66 7.34 
4  22 1.85 40.0 846 2.19 1.60 4.67 7.42 1.59 2.52 4.01 2.66 6.71 
5  29 2.10 45.9 875 2.40 1.60 4.86 7.74 1.59 2.31 3.68 2.74 6.33 
6  36 2.30 52.1 893 2.58 1.61 4.99 7.96 1.59 2.17 3.46 2.74 5.93 
7  43 2.40 58.3 897 2.67 1.61 5.06 8.07 1.60 2.11 3.36 2.73 5.76 
8  50 2.50 64.6 903 2.77 1.61 5.13 8.20 1.60 2.05 3.28 2.73 5.61 
9  57 2.60 70.9 902 2.88 1.62 5.17 8.27 1.60 1.99 3.18 2.73 5.43 
10  64 2.65 77.2 892 2.97 1.62 5.17 8.26 1.60 1.95 3.12 2.73 5.31 
11  71 2.70 83.5 878 3.07 1.62 5.14 8.21 1.60 1.90 3.04 2.72 5.18 
12  78 2.70 89.6 858 3.15 1.62 5.08 8.11 1.60 1.88 3.01 2.72 5.11 
13  85 2.70 95.6 841 3.21 1.63 5.03 8.04 1.60 1.86 2.98 2.72 5.06 
14  92 2.70 101.5 826 3.27 1.63 4.99 7.98 1.60 1.85 2.96 2.72 5.02 
15  99 2.70 107.3 814 3.32 1.63 4.97 7.94 1.60 1.84 2.94 2.71 4.99 
16  106 2.70 113.0 803 3.36 1.63 4.95 7.91 1.60 1.83 2.93 2.71 4.97 
17  113 2.70 118.6 793 3.41 1.63 4.94 7.89 1.60 1.83 2.92 2.71 4.95 
18  120 2.70 124.2 784 3.44 1.63 4.94 7.88 1.60 1.83 2.92 2.71 4.94 
Castrated male pigs parametrised from 23.5 to 116 kg with PDmax 135 g/d, marginal ratio LD/PD -1.5 
+ 0.085×BW, energetic efficiency of protein (PD) and lipid (LD) deposition of 0.55 and 0.75, 
respectively. According to TMV, EBW is calculated as LW×0.95. Total Ca/EW derived from dCa using 
58% standardised total tract digestibility of dietary Ca. 
1) dP and dCa (g/d and g/EW) using allometric relationships derived in the report (see also Annex 7).  
dP (g/d) = (e1.67×1.0004×EBW0.0004×EBW/LW)×LWG (in kg/d)/0.98 + 0.007×LW 
dCa (g/d) = (e2.059×1.018×EBW0.018×EBW/LW)×LWG (in kg/d)/0.98 + 0.010×LW 
2) Total Ca derived from dCa using 58% standardised total tract digestibility of dietary Ca. 
 
Table III.   Calculated requirements of female pigs. 
Wk Day 
FI, 
EW/d 
BW, 
kg 
ADG, 
g/d 
FCR, 
EW/ 
kg 
Ca/P 
in 
gain 
dP1), 
g/d 
dCa1), 
g/d 
dCa 
/dP 
dP/ 
EW 
dCa 
/EW 
Ca/ 
dP2) 
Ca/ 
EW2) 
1  1 1.10 24.0 623 1.76 1.59 3.40 5.36 1.58 3.09 4.87 2.66 8.22 
2  8 1.30 28.4 703 1.85 1.59 3.84 6.08 1.58 2.95 4.67 2.66 7.86 
3  15 1.55 33.3 795 1.95 1.60 4.35 6.91 1.59 2.81 4.46 2.66 7.47 
4  22 1.80 38.8 868 2.07 1.60 4.77 7.58 1.59 2.65 4.21 2.66 7.05 
5  29 2.00 44.9 888 2.25 1.60 4.92 7.83 1.59 2.46 3.91 2.74 6.73 
6  36 2.15 51.1 897 2.40 1.61 5.01 7.98 1.59 2.33 3.71 2.74 6.37 
7  43 2.25 57.4 900 2.50 1.61 5.07 8.09 1.60 2.25 3.60 2.73 6.16 
8  50 2.35 63.7 905 2.60 1.61 5.14 8.21 1.60 2.19 3.49 2.73 5.97 
9  57 2.45 70.1 906 2.70 1.62 5.19 8.29 1.60 2.12 3.38 2.73 5.78 
10  64 2.50 76.4 901 2.78 1.62 5.21 8.32 1.60 2.08 3.33 2.73 5.67 
11  71 2.55 82.7 897 2.84 1.62 5.23 8.36 1.60 2.05 3.28 2.72 5.58 
12  78 2.60 89.0 893 2.91 1.62 5.25 8.40 1.60 2.02 3.23 2.72 5.50 
13  85 2.65 95.2 883 3.00 1.63 5.24 8.39 1.60 1.98 3.17 2.72 5.38 
14  92 2.65 101.4 863 3.07 1.63 5.19 8.30 1.60 1.96 3.13 2.72 5.32 
15  99 2.65 107.5 847 3.13 1.63 5.14 8.22 1.60 1.94 3.10 2.71 5.26 
16  106 2.65 113.4 832 3.19 1.63 5.11 8.16 1.60 1.93 3.08 2.71 5.22 
17  113 2.65 119.2 818 3.24 1.63 5.08 8.11 1.60 1.92 3.06 2.71 5.19 
18  120 2.65 124.9 806 3.29 1.63 5.06 8.08 1.60 1.91 3.05 2.71 5.16 
Female pigs parametrised from 23.5 to 116 kg with PDmax 145 g/d, marginal ratio LD/PD 0.045×BW, 
energetic efficiency of protein (PD) and lipid (LD) deposition of 0.55 and 0.75, respectively. According 
to TMV, EBW is calculated as LW×0.95. Total Ca/EW derived from dCa using 58% standardised total 
tract digestibility of dietary Ca.  
1) dP and dCa (g/d and g/EW) using allometric relationships derived in the report (see also Annex 7).  
dP (g/d) = (e1.67×1.0004×EBW0.0004×EBW/LW)×LWG (in kg/d)/0.98 + 0.007×LW 
dCa (g/d) = (e2.059×1.018×EBW0.018×EBW/LW)×LWG (in kg/d)/0.98 + 0.010×LW 
2) Total Ca derived from dCa using 58% standardised total tract digestibility of dietary Ca. 
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Annex 10 Composition of new born piglets 
 
References and characteristics of studies used to calculate calcium and phosphorus content 
in newborn piglets 
Reference Year Pigs, n BW, kg Ca, g/kg BW P, g/kg BW 
Becker et al. 1979 6 1.33 14.7 6.7 
Berge and Indrebo 1954 4 1.24 10.0 6.0 
Berge and Indrebo 1954 2 1.00 12.0 6.0 
Bikker et al. 2017 14 1.14 8.4 5.6 
Bikker et al. 2017 11 0.97 8.9 5.6 
Freese 1958 1 1.24 10.4 6.2 
Jongbloed et al. 2002 6 1.27 9.8 6.0 
Lenkeit 1957 6 1.16 11.3 6.6 
Mahan and 
Shields 1998 9 1.55 9.8 5.7 
Mahan et al. 2009 6 1.39 7.5 4.6 
Manners and 
McCrea 1963 3 1.52 11.0 6.1 
Mudd et al.  1969 6 1.21 11.8 5.9 
Mudd et al.  1969 8 1.51 10.7 6.0 
Peters et al. 2010 69 1.54 7.6 4.5 
Pomeroy 1960 - 1.13 10.7 6.3 
Thomsen 1952 6 1.30 12.3 6.9 
Urbanyi 1952 2 1.30 12.3 6.9 
Weniger and Funk 1953 3 1.00 10.8 6.3 
Widdowson 1950 16 1.46 10.0 5.8 
      
Mean   1.28 10.52 5.98 
Standard deviation   0.18 1.75 0.64 
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Annex 11 Protein in placenta and uterine fluids 
 
 
 
Protein mass in placenta, uterine fluids and their sum based on equations derived by Noblet 
et al. (1985), as used in the present study, and by NRC (2012). The equation of Noblet et al. 
(1985) includes an effect of litter size and is based on a litter size of 12 piglets in the figure. 
The equation of NRC (2012) is derived from results with a litter size of 12 piglets, but 
corrected by the ratio between actual and predicted litter birth weight. 
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Annex 12 Protein in the mammary gland 
 
 
Protein mass in the mammary gland in studies of Noblet et al. (1985) and Ji et al. (2006) and 
simulated by equations from Noblet et al. (1985) and NRC (2012). 
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Annex 13 Description of sow characteristics 
 
Description of sow characteristics assumed representative for a contemporary sow herd, 
derived from CVB (2012) and used for the calculation of P and Ca requirements. 
Parity 1 2 3 4 5 
Mating      
Body weight, kg 140 165 185 205 220 
Back fat, mm  13 12 13 13 13 
Protein mass, kg 21.8 26.4 29.5 32.9 35.5 
Lipid mass, kg 27.6 28.2 32.2 34.2 35.8 
      
Gestation      
Maternal gain, kg 55 50 45 40 35 
- Of which real growth, kg 55 20 15 15 10 
- Of which restoration of mobilisation, kg 0 30 30 25 25 
Maternal protein deposition, kg 8.2 7.0 6.5 5.6 4.7 
Maternal lipid deposition, kg 13.7 14.7 12.2 11.7 11.2 
      
Farrowing      
Maternal body weight, kg 195 215 230 245 255 
Back fat, mm 17 17 17 17 17 
Protein mass, kg 30.0 33.4 36.0 38.5 40.2 
Lipid mass, kg 40.8 42.9 44.4 45.9 47.0 
      
Lactation and interval      
BW loss, kg1) 30 30 25 25 20 
- body protein mobilisation, kg 3.6 3.9 3.0 3.0 2.2 
- body lipid mobilisation, kg 12.6 10.7 10.2 10.2 9.7 
      
Litter size 15 16 16 16 16 
Birth weight, kg 1.25 1.4 1.4 1.4 1.4 
1) Including a weight loss of 7.5 kg and 0.75 mm backfat after weaning, including involution of the 
mammary gland.  
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Annex 14 Calculated P and Ca requirements of gestating sows 
Parity 1 
 
 
Factorial estimation of standardised digestible phosphorus (STTD-P) and calcium (STTD-P) requirements in gestating sows to replace faecal 
and urinary endogenous losses, and for retention in maternal and foetal tissues, expressed per day and per EW. 
   STTD-P requirements  STTD-Ca requirements  Total Ca1) 
Day 
BW, 
kg 
Feed, 
EW/d 
endogenous, 
g/d 
maternal, 
g/d 
foetal, 
g/d 
total, 
g/d 
total, 
g/EW 
 endogenous, 
g/d 
maternal, 
g/d 
foetal, 
g/d 
total, 
g/d 
total, 
g/EW 
g/g 
STTD-P  
Ca, 
g/d 
Ca, 
g/EW 
Ca, g/g 
STTD-P 
0  140 2.07 0.98 2.49 0.00 3.47 1.68  1.40 4.08 0.00 5.5 2.65 1.58  11.0 5.29  3.16 
7  143 2.11 1.00 2.49 0.00 3.49 1.66  1.43 4.08 0.00 5.5 2.61 1.58  11.0 5.23  3.16 
14  146 2.13 1.02 2.49 0.00 3.52 1.65  1.46 4.08 0.01 5.5 2.60 1.58  11.1 5.20  3.15 
21  149 2.16 1.05 2.49 0.00 3.54 1.64  1.49 4.08 0.01 5.6 2.58 1.58  11.2 5.17  3.15 
28  153 2.19 1.07 2.49 0.01 3.57 1.63  1.53 4.08 0.02 5.6 2.56 1.57  11.3 5.13  3.15 
35  157 2.24 1.10 2.50 0.04 3.64 1.62  1.57 4.08 0.05 5.7 2.54 1.57  11.4 5.08  3.13 
42  162 2.30 1.13 2.50 0.11 3.74 1.63  1.62 4.08 0.11 5.8 2.53 1.55  11.6 5.06  3.11 
49  168 2.36 1.17 2.51 0.22 3.90 1.65  1.68 4.08 0.25 6.0 2.54 1.54  12.0 5.08  3.08 
56  174 2.43 1.22 2.51 0.39 4.13 1.70  1.74 4.08 0.50 6.3 2.60 1.53  12.6 5.21  3.06 
63  181 2.49 1.27 2.53 0.64 4.44 1.78  1.81 4.08 0.90 6.8 2.72 1.53  13.6 5.44  3.06 
70  188 2.57 1.31 2.54 0.97 4.83 1.88  1.88 4.08 1.47 7.4 2.89 1.54  14.8 5.79  3.08 
77  194 2.64 1.36 2.56 1.35 5.27 2.00  1.94 4.08 2.16 8.2 3.10 1.55  16.4 6.20  3.11 
84  199 2.71 1.40 2.58 1.75 5.72 2.11  1.99 4.08 2.92 9.0 3.32 1.57  18.0 6.64  3.14 
91  204 2.79 1.43 2.60 2.13 6.16 2.21  2.04 4.08 3.69 9.8 3.52 1.59  19.6 7.04  3.18 
98  208 2.86 1.46 2.63 2.48 6.56 2.29  2.08 4.08 4.40 10.6 3.70 1.61  21.1 7.39  3.22 
105  213 2.94 1.49 2.65 2.77 6.91 2.35  2.13 4.09 5.03 11.3 3.83 1.63  22.5 7.66  3.25 
112  219 3.03 1.53 2.67 3.02 7.22 2.39  2.19 4.09 5.58 11.9 3.92 1.64  23.7 7.83  3.28 
115  222 3.07 1.55 2.69 3.17 7.41 2.41  2.22 4.09 5.93 12.2 3.98 1.65  24.5 7.96  3.30 
                   
mean 175 2.45 1.22 2.54 0.86 4.62 1.86  1.75 4.08 1.46 7.3 2.92 1.57  14.6 5.84  3.14 
1)  Total calcium adopting a standardised digestibility of 50%. 
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Parity 2 
 
 
Factorial estimation of standardised digestible phosphorus (STTD-P) and calcium (STTD-P) requirements in gestating sows to replace faecal 
and urinary endogenous losses, and for retention in maternal and foetal tissues, expressed per day and per EW. 
   STTD-P requirements  STTD-Ca requirements  Total Ca1) 
Day 
BW, 
kg 
Feed, 
EW/d 
endogenous, 
g/d 
maternal, 
g/d 
foetal, 
g/d 
total, 
g/d 
total, 
g/EW 
 endogenous, 
g/d 
maternal, 
g/d 
foetal, 
g/d 
total, 
g/d 
total, 
g/EW 
g/g 
STTD-P  
Ca, 
g/d 
Ca, 
g/EW 
Ca, g/g 
STTD-P 
0  165 2.27 1.16 1.17 0.00 2.33 1.02  1.65 1.64 0.00 3.29 1.45 1.41  6.59 2.90 2.83 
7  168 2.31 1.17 1.17 0.00 2.35 1.02  1.68 1.64 0.00 3.32 1.44 1.41  6.64 2.88 2.83 
14  171 2.33 1.19 1.17 0.00 2.37 1.02  1.71 1.64 0.01 3.35 1.44 1.42  6.70 2.88 2.83 
21  173 2.35 1.21 1.17 0.00 2.39 1.02  1.73 1.64 0.01 3.39 1.44 1.42  6.77 2.88 2.83 
28  177 2.39 1.24 1.17 0.01 2.43 1.02  1.77 1.64 0.02 3.43 1.44 1.41  6.86 2.88 2.83 
35  181 2.43 1.26 1.18 0.05 2.49 1.03  1.81 1.64 0.05 3.50 1.44 1.40  7.00 2.88 2.81 
42  186 2.49 1.30 1.18 0.13 2.61 1.05  1.86 1.64 0.13 3.63 1.46 1.39  7.26 2.92 2.78 
49  191 2.55 1.34 1.19 0.26 2.79 1.09  1.91 1.64 0.29 3.84 1.51 1.38  7.69 3.01 2.76 
56  198 2.62 1.39 1.20 0.47 3.05 1.16  1.98 1.64 0.59 4.21 1.61 1.38  8.41 3.21 2.76 
63  205 2.69 1.43 1.21 0.77 3.41 1.27  2.05 1.64 1.07 4.76 1.77 1.40  9.52 3.54 2.79 
70  212 2.77 1.48 1.22 1.16 3.87 1.40  2.12 1.64 1.75 5.51 1.99 1.43  11.02 3.98 2.85 
77  218 2.85 1.53 1.24 1.61 4.38 1.54  2.18 1.64 2.58 6.41 2.25 1.46  12.82 4.50 2.92 
84  224 2.93 1.57 1.26 2.09 4.92 1.68  2.24 1.64 3.49 7.38 2.52 1.50  14.75 5.04 3.00 
91  229 3.01 1.60 1.28 2.55 5.43 1.81  2.29 1.65 4.40 8.34 2.77 1.53  16.67 5.54 3.07 
98  233 3.09 1.63 1.31 2.96 5.90 1.91  2.33 1.65 5.26 9.24 2.99 1.57  18.47 5.98 3.13 
105  238 3.17 1.66 1.33 3.31 6.31 1.99  2.38 1.65 6.02 10.04 3.16 1.59  20.08 6.33 3.18 
112  243 3.27 1.70 1.36 3.61 6.66 2.04  2.43 1.65 6.67 10.76 3.29 1.61  21.51 6.58 3.23 
115  246 3.32 1.72 1.37 3.78 6.88 2.07  2.46 1.65 7.08 11.20 3.37 1.63  22.40 6.74 3.26 
                   
mean 199 2.66 1.39 1.22 1.03 3.64 1.33  1.99 1.64 1.74 5.37 1.95 1.45  10.74 3.90 2.90 
1)  Total calcium adopting a standardised digestibility of 50%. 
 
 
  
 67 
 
 
Parity 3 
 
 
Factorial estimation of standardised digestible phosphorus (STTD-P) and calcium (STTD-P) requirements in gestating sows to replace faecal 
and urinary endogenous losses, and for retention in maternal and foetal tissues, expressed per day and per EW. 
   STTD-P requirements  STTD-Ca requirements  Total Ca1) 
Day 
BW, 
kg 
Feed, 
EW/d 
endogenous, 
g/d 
maternal, 
g/d 
foetal, 
g/d 
total, 
g/d 
total, 
g/EW 
 endogenous, 
g/d 
maternal, 
g/d 
foetal, 
g/d 
total, 
g/d 
total, 
g/EW 
g/g 
STTD-P  
Ca, 
g/d 
Ca, 
g/EW 
Ca, g/g 
STTD-P 
0  185 2.32 1.30 0.97 0.00 2.26 0.98  1.85 1.24 0.00 3.09 1.33 1.37  6.18 2.66 2.73 
7  187 2.35 1.31 0.97 0.00 2.28 0.97  1.87 1.24 0.00 3.11 1.32 1.37  6.23 2.65 2.73 
14  190 2.37 1.33 0.97 0.00 2.30 0.97  1.90 1.24 0.01 3.14 1.32 1.37  6.28 2.65 2.73 
21  193 2.39 1.35 0.97 0.00 2.32 0.97  1.93 1.24 0.01 3.17 1.33 1.37  6.35 2.65 2.74 
28  195 2.42 1.37 0.97 0.01 2.35 0.97  1.95 1.24 0.02 3.21 1.33 1.37  6.43 2.66 2.73 
35  199 2.46 1.39 0.97 0.05 2.42 0.98  1.99 1.24 0.05 3.28 1.33 1.36  6.56 2.66 2.72 
42  204 2.52 1.43 0.98 0.13 2.53 1.00  2.04 1.24 0.13 3.41 1.35 1.35  6.81 2.70 2.69 
49  209 2.58 1.46 0.98 0.26 2.71 1.05  2.09 1.24 0.29 3.62 1.40 1.34  7.24 2.81 2.67 
56  215 2.64 1.51 0.99 0.47 2.97 1.12  2.15 1.24 0.59 3.98 1.50 1.34  7.96 3.01 2.68 
63  222 2.71 1.56 1.00 0.77 3.33 1.23  2.22 1.24 1.07 4.53 1.67 1.36  9.06 3.34 2.72 
70  229 2.79 1.60 1.02 1.16 3.78 1.36  2.29 1.24 1.75 5.28 1.89 1.40  10.55 3.79 2.79 
77  235 2.86 1.65 1.04 1.61 4.29 1.50  2.35 1.24 2.58 6.17 2.16 1.44  12.34 4.31 2.87 
84  240 2.94 1.68 1.06 2.09 4.83 1.64  2.40 1.24 3.49 7.14 2.43 1.48  14.27 4.85 2.96 
91  245 3.02 1.71 1.08 2.55 5.34 1.77  2.45 1.24 4.40 8.09 2.68 1.52  16.19 5.37 3.03 
98  249 3.10 1.74 1.10 2.96 5.80 1.88  2.49 1.24 5.26 8.99 2.90 1.55  17.98 5.81 3.10 
105  253 3.18 1.77 1.13 3.31 6.21 1.95  2.53 1.25 6.02 9.79 3.08 1.58  19.59 6.16 3.15 
112  258 3.27 1.81 1.15 3.61 6.56 2.01  2.58 1.25 6.67 10.50 3.21 1.60  21.01 6.42 3.20 
115  261 3.32 1.83 1.17 3.78 6.78 2.04  2.61 1.25 7.08 10.95 3.30 1.62  21.89 6.59 3.23 
                   
mean 217 2.68 1.52 1.02 1.03 3.56 1.29  2.17 1.24 1.74 5.14 1.85 1.41  10.29 3.70 2.83 
1)  Total calcium adopting a standardised digestibility of 50%. 
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Parity 4 
 
Factorial estimation of standardised digestible phosphorus (STTD-P) and calcium (STTD-P) requirements in gestating sows to replace faecal 
and urinary endogenous losses, and for retention in maternal and foetal tissues, expressed per day and per EW. 
   STTD-P requirements  STTD-Ca requirements  Total Ca1) 
Day 
BW, 
kg 
Feed, 
EW/d 
endogenous, 
g/d 
maternal, 
g/d 
foetal, 
g/d 
total, 
g/d 
total, 
g/EW 
 endogenous, 
g/d 
maternal, 
g/d 
foetal, 
g/d 
total, 
g/d 
total, 
g/EW 
g/g 
STTD-P  
Ca, 
g/d 
Ca, 
g/EW 
Ca, g/g 
STTD-P 
0  205 2.42 1.44 0.89 0.00 2.33 0.96  2.05 1.23 0.00 3.28 1.36 1.41  6.57 2.72 2.82 
7  207 2.45 1.45 0.89 0.00 2.35 0.96  2.07 1.23 0.00 3.31 1.35 1.41  6.61 2.70 2.82 
14  209 2.47 1.47 0.89 0.00 2.36 0.96  2.09 1.23 0.01 3.33 1.35 1.41  6.66 2.70 2.82 
21  212 2.48 1.48 0.90 0.00 2.38 0.96  2.12 1.23 0.01 3.36 1.35 1.41  6.72 2.70 2.82 
28  214 2.51 1.50 0.90 0.01 2.41 0.96  2.14 1.23 0.02 3.40 1.35 1.41  6.79 2.71 2.82 
35  218 2.55 1.52 0.90 0.05 2.47 0.97  2.18 1.23 0.05 3.46 1.36 1.40  6.92 2.72 2.80 
42  222 2.60 1.55 0.90 0.13 2.58 0.99  2.22 1.23 0.13 3.58 1.38 1.39  7.17 2.75 2.77 
49  227 2.66 1.59 0.91 0.26 2.76 1.04  2.27 1.23 0.29 3.79 1.43 1.37  7.59 2.85 2.75 
56  233 2.72 1.63 0.92 0.47 3.02 1.11  2.33 1.23 0.59 4.15 1.52 1.38  8.30 3.05 2.75 
63  239 2.79 1.68 0.93 0.77 3.37 1.21  2.39 1.23 1.07 4.70 1.68 1.39  9.40 3.37 2.78 
70  246 2.86 1.72 0.95 1.16 3.83 1.34  2.46 1.23 1.75 5.44 1.90 1.42  10.88 3.81 2.84 
77  252 2.93 1.76 0.96 1.61 4.34 1.48  2.52 1.23 2.58 6.33 2.16 1.46  12.67 4.32 2.92 
84  257 3.01 1.80 0.98 2.09 4.87 1.62  2.57 1.24 3.49 7.29 2.43 1.50  14.59 4.85 3.00 
91  261 3.08 1.83 1.01 2.55 5.38 1.75  2.61 1.24 4.40 8.25 2.68 1.53  16.50 5.35 3.07 
98  265 3.16 1.85 1.03 2.96 5.84 1.85  2.65 1.24 5.26 9.14 2.90 1.57  18.28 5.79 3.13 
105  268 3.24 1.88 1.05 3.31 6.25 1.93  2.68 1.24 6.02 9.94 3.07 1.59  19.88 6.14 3.18 
112  274 3.33 1.91 1.08 3.61 6.60 1.98  2.74 1.24 6.67 10.65 3.20 1.61  21.30 6.40 3.23 
115  276 3.38 1.93 1.09 3.78 6.81 2.02  2.76 1.24 7.08 11.09 3.28 1.63  22.18 6.57 3.26 
                   
mean 234 2.76 1.64 0.94 1.03 3.61 1.27  2.34 1.23 1.74 5.32 1.86 1.45  10.63 3.73 2.89 
1)  Total calcium adopting a standardised digestibility of 50%. 
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Parity 5 
 
 
Factorial estimation of standardised digestible phosphorus (STTD-P) and calcium (STTD-P) requirements in gestating sows to replace faecal 
and urinary endogenous losses, and for retention in maternal and foetal tissues, expressed per day and per EW. 
   STTD-P requirements  STTD-Ca requirements  Total Ca1) 
Day 
BW, 
kg 
Feed, 
EW/d 
endogenous, 
g/d 
maternal, 
g/d 
foetal, 
g/d 
total, 
g/d 
total, 
g/EW 
 endogenous, 
g/d 
maternal, 
g/d 
foetal, 
g/d 
total, 
g/d 
total, 
g/EW 
g/g 
STTD-P  
Ca, 
g/d 
Ca, 
g/EW 
Ca, g/g 
STTD-P 
0  220 2.48 1.54 0.66 0.00 2.20 0.89  2.20 0.82 0.00 3.03 1.22 1.37  6.06 2.4 2.75 
7  222 2.51 1.55 0.66 0.00 2.22 0.88  2.22 0.82 0.00 3.05 1.21 1.37  6.09 2.4 2.75 
14  224 2.52 1.57 0.66 0.00 2.23 0.88  2.24 0.82 0.01 3.07 1.22 1.38  6.14 2.4 2.75 
21  226 2.54 1.58 0.66 0.00 2.25 0.88  2.26 0.82 0.01 3.09 1.22 1.38  6.19 2.4 2.75 
28  228 2.56 1.60 0.66 0.01 2.28 0.89  2.28 0.82 0.02 3.13 1.22 1.38  6.26 2.4 2.75 
35  231 2.60 1.62 0.67 0.05 2.34 0.90  2.31 0.82 0.05 3.19 1.23 1.37  6.38 2.5 2.73 
42  235 2.65 1.65 0.67 0.13 2.44 0.92  2.35 0.83 0.13 3.31 1.25 1.35  6.62 2.5 2.71 
49  240 2.71 1.68 0.68 0.26 2.62 0.97  2.40 0.83 0.29 3.52 1.30 1.34  7.03 2.6 2.69 
56  246 2.77 1.72 0.69 0.47 2.87 1.04  2.46 0.83 0.59 3.87 1.40 1.35  7.74 2.8 2.69 
63  252 2.83 1.76 0.70 0.77 3.23 1.14  2.52 0.83 1.07 4.41 1.56 1.37  8.83 3.1 2.73 
70  258 2.90 1.80 0.71 1.16 3.68 1.27  2.58 0.83 1.75 5.16 1.78 1.40  10.31 3.6 2.80 
77  263 2.97 1.84 0.73 1.61 4.19 1.41  2.63 0.83 2.58 6.04 2.04 1.44  12.09 4.1 2.89 
84  268 3.04 1.88 0.75 2.09 4.72 1.55  2.68 0.83 3.49 7.00 2.30 1.48  14.00 4.6 2.97 
91  272 3.11 1.90 0.77 2.55 5.22 1.68  2.72 0.83 4.40 7.95 2.56 1.52  15.91 5.1 3.04 
98  275 3.19 1.93 0.80 2.96 5.68 1.78  2.75 0.83 5.26 8.84 2.78 1.56  17.69 5.6 3.11 
105  279 3.26 1.95 0.82 3.31 6.09 1.86  2.79 0.84 6.02 9.64 2.95 1.58  19.28 5.9 3.17 
112  284 3.35 1.99 0.85 3.61 6.44 1.92  2.84 0.84 6.67 10.35 3.09 1.61  20.69 6.2 3.22 
115  286 3.40 2.00 0.86 3.78 6.65 1.95  2.86 0.84 7.08 10.79 3.17 1.62  21.57 6.3 3.24 
                   
mean 247 2.80 1.73 0.71 1.03 3.47 1.20  2.47 0.83 1.74 5.04 1.74 1.42  10.07 3.5 2.84 
1)  Total calcium adopting a standardised digestibility of 50%. 
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Annex 15 Body composition of pigs at weaning 
 
References and characteristics of studies used to calculate calcium and phosphorus content 
in newly weaned pigs 
Reference Year Pigs, n BW, kg Ca, g/kg BW P, g/kg BW 
Walz and Pallauf 1991  8  5.3  10.3  5.3  
Bikker et al. 2017  11  6.3  6.4  5.0  
Everts and Dekker 1991  16  7.6  7.5  4.9  
Jongbloed et al. 2002  6  7.0  8.4  6.0  
Shields et al. 1983 8  8.5  10.9  6.7  
Jongbloed et al. 2002  6  9.2  8.1  5.6  
Schöne et al. 1995  4 10.4  9.4  6.1  
      
Mean    7.75 8.71 5.66 
Standard deviation   1.74 1.58 0.63 
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Annex 16 Milk composition 
 
References and characteristics of studies used to calculate calcium and phosphorus content 
in milk 
Reference Year Sows, n Day in lactation Ca, g/kg P, g/kg 
Hill et al. 1983 76 4 1.93 1.43 
Csapo et al. 1996 30 5 1.63 1.24 
Maxson and Mahan 1986 108 7 2.04 1.43 
Migdal 1993 6 7 2.21 1.69 
Csapo et al. 1996 30 10 1.66 1.20 
Hill et al. 1983 72 11 2.10 1.48 
Seynave et al. 1996 30 13 1.55 1.39 
Mahan et al. 1982 36 14 1.97 1.47 
Renaudeau et al. 2003 6 16 2.60 1.55 
Giesemann et al. 1998 19 17 2.07 1.57 
Hill et al.  1983 71 17 2.23 1.55 
Peters et al. 2010 63 17 1.95 1.47 
Bikker et al. 2017 11 20 2.03 1.48 
Csapo et al. 1996 30 20 1.75 1.32 
Beyga and Rekiel 2009 34 21 1.94 1.34 
Lyberg et al. 2007 48 21 1.87 1.40 
Maxson and Mahan 1986 108 21 2.24 1.58 
Seynave et al. 1996 30 27 1.89 1.55 
Mahan et al. 1982 36 28 2.30 1.67 
      
Mean    2.00 1.46 
Standard deviation    0.26 0.13 
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Annex 17 Weekly P and Ca requirements of a first parity sow in 
lactation. 
Calculated requirements of a 1st parity sow with 14 suckling piglets, a litter gain of 2.5 kg/d, with tissue 
mobilisation according to assumptions in Annex 13. 
Lactation week 1 2 3 4 mean 
Energy metabolism1      
Body weight gain per piglet, kg/d 0.143  0.188  0.196  0.188  0.179  
Mean BW piglet, kg 1.75  2.91  4.25  5.59  3.63  
Protein deposition per piglet, g/d 22.9  30.0  31.4  30.0  28.6  
Lipid deposition per piglet, g/d 22.1  30.2  31.9  30.2  28.6  
Energy requirements per piglet, kJ NE/d 1819  2446  2575  2446  2322  
Required energy in milk, MJ/d 37.5  51.6  58.4  60.9  52.1  
Milk production based on energy, kg/d 7.5  10.3  11.7  12.2  10.4  
      
Mean body weight sow, kg 192.2  186.6  180.9  175.3  183.8  
Energy requirements sow, EW/d 5.97  7.54  8.29  8.57  7.59  
Energy mobilisation, based on defined BW loss, MJ NE/d 16.82  16.82  16.82  16.82  16.82  
Energy requirements sow after mobilisation, EW/d 4.32  5.84  6.55  6.79  5.87  
Energy from mobilised tissue, EW/d 1.66  1.70  1.74  1.78  1.72        
P maintenance sow, g/d 1.92  1.87  1.81  1.75  1.84  
P based on ret. piglets, g/d 12.06  15.89  16.76  16.15  15.21  
P in milk, g/d 10.94  15.06  17.05  17.79  15.21  
P from mobilised body tissue, g/d 0.87  0.87  0.87  0.87  0.87  
STTD-P requirement in total, g/d 13.36  17.21  18.04  17.37  16.49  
      
Ca maintenance sow, g/d 2.69  2.61  2.53  2.45  2.57  
 17.96  23.66  24.96  24.04  22.65  
Ca in milk, g/d 14.98  20.63  23.35  24.37  20.83  
Ca from mobilised body tissue, g/d 0.06  0.06  0.06  0.06  0.06  
STTD-Ca requirement in total, g/d 18.46  24.33  27.11  28.11  24.50  
      
STTD-P requirement, g/EW 2.83  2.80  2.80  2.80  2.81  
STTD-Ca requirement, g/EW 4.28  4.17  4.14  4.14  4.17  
STTD-P/STTD-Ca 1.51  1.49  1.48  1.48  1.49  
      
Ca requirement, assuming 50% dig. Ca 36.92  48.65  54.22  56.21  49.00  
Ca requirement, g/EW 8.55  8.33  8.28  8.28  8.34  
Ca/STTD-P 3.02  2.97  2.96  2.95  2.97  
1  Energy metabolism based on Everts et al. (1995) 
 
 
 74 
 
Annex 18 P and Ca requirements in lactation in relation to parity. 
Calculated requirements of parity 1 to 5 sows with 14 suckling piglets, a litter gain of 2.5 and 
3.0 kg/d for primiparous and multiparous sows, with tissue mobilisation according to 
assumptions in Annex 13. 
Parity 1 2 3 4 5 
Energy metabolism1      
Initial body weight sow, kg 195 215 230 245 255 
Energy requirements sow, EW/d 7.59 8.84 8.94 9.04 9.10 
Energy from mobilised tissue, EW/d 1.72 1.48 1.32 1.32 1.16 
Energy requirements sow after mobilisation, EW/d 5.87 7.36 7.62 7.72 7.94 
      
P maintenance sow, g/d 1.84 2.04 2.21 2.36 2.49 
P based on ret. piglets, g/d 15.2 18.2 18.2 18.2 18.2 
P in milk, g/d 15.2 18.1 18.1 18.1 18.1 
P from mobilised body tissue, g/d 0.87 0.97 0.68 0.68 0.39 
STTD-P requirement in total, g/d 16.5 19.6 20.0 20.2 20.6 
      
Ca maintenance sow, g/d 2.57 2.85 3.10 3.31 3.48 
Ca in milk, g/d 20.8 24.8 24.8 24.8 24.8 
Ca from mobilised body tissue, g/d 0.06 0.06 0.05 0.05 0.03 
STTD-Ca requirement in total, g/d 24.5 29.0 29.2 29.4 29.6 
      
STTD-P requirement, g/EW 2.81 2.66 2.63 2.61 2.59 
STTD-Ca requirement, g/EW 4.17 3.94 3.84 3.81 3.73 
STTD-P/STTD-Ca 1.49 1.48 1.46 1.46 1.44 
      
Ca requirement, assuming 50% dig. Ca 49.0 58.0 58.5 58.9 59.2 
Ca requirement, g/EW 8.34 7.88 7.67 7.63 7.46 
Ca/STTD-P 2.97 2.96 2.92 2.92 2.88 
1  Energy metabolism based on Everts et al. (1995) 
 
 
